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1 cubic yard universal excavator 


de 


with full air control 


The 30-RB is the latest addition to the range of Ruston-Bucyrus excavators. 
Rated at | cubic yard as a shovel, every feature of this new machine 

i has been developed as the result of field research study of a unique kind. 

Special attention has been given to quick, easy convertibility to other 

equipments, with advantageous ratings, parcicularly as dragline 
(Rooms 40’ to 60’) and lifting crane (booms 40’ to 100’). 

| tm addition, the 30-RB has FULL AIR CONTROL 

cf for maximum operating efficiency. May we send 
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Motors for: corrosive 
or explosive atmospheres 





FOR 


® Class ‘LYC’ Chemical works motors 
CORROSIVE to BS2083 up to 25 h.p. 

‘ENGLISH ELECTRIC’ is the only 
Company making special chemical 


motors to this Standard. 


@ Tens of thousands of British Standard 


motors in service. 


@ Available up to 50 h.p. in 
NEMA sizes. 


Ask for Publication DM 206 








@ Class XLK Flameproof motors. 


Squirrel-cage or slipring. 


Totally-enclosed fan-cooled 


or Totally-enclosed. 


@ Buxton certified. 


TEFC and TE steel barrel flameproof 


motors are also available. 


Ask for Publication DM/154B 


CLISH ELECTRIC 


industrial motors 







THE ENGLISH ELECTRIC COMPANY LIMITED, QUEENS HOUSE, KINGSWAY, LONDON, W.C 
, Industrial Motor Works, Bradford 


WORKS: STAFFORD + PRESTON + RUGBY + BRADFORD + LIVERPOOL + ACCRINGTON 
DM.57C7 
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which need fear no comparison with 
similar firms anywhere in the world” ; 
INDUSTRY AND TECHNICAL PROGRESS alg eta age tc ga 
shocked us by their ignorant com- 
placency.” Probably a similar survey 
After the war the accusation was and at Queens University, Belfast. The in any country would reveal much the 


repeatedly made that though British 
scientists were capable of leading the 
world in making scientific discoveries, 
British industry was slow to make use of 
those discoveries and insufficiently pro- 
gressive and active in doing so. Unques- 
tionably some of the complaint arose 
out of a lack of full appreciation by 
scientists of the complexity of the engineer- 
ing problem of converting a laboratory 
discovery into a practicable full-scale 
process or into a device that could reliably 
be used by people with little scientific 
training or experience. There were, 
however, critics within industry as well, 
aware of the difficulties, but aware, too, 
of firms and, indeed, of whole industries 
that appeared to be backward in attempt- 
ing to overcome them. But there were 
few facts upon which to base incon- 
trovertible opinions. In those circum- 
stances, very wisely, the British Association 
set up in 1952 a committee “‘ to study the 
problems of speeding up in industry the 
application of the results of scientific 
researches.” That committee is strongly 
representative of universities and research 
establishments with a leavening of econo- 
mists and men from more actively pro- 
gressive industries. With support from 
the Royal Society of Arts and the Nuffield 
Foundation and from the United States 
Conditional Aid Programme research 
into the subject was begun at the Uni- 
versity College of North Staffordshire 


first fruits of that work were published 
yesterday in the form of a book entitled 
Industry and Technical Progress, by Pro- 
fessor C: F. Carter, of Belfast, and Pro- 
fessor B. R. Williams, of Keele Hall. It 
is published by the Oxford University 
Press* and appears to us to be one of the 
more important books to be published in 
the industrial field since the war. 

Before the committee set up by 
the British Association could really 
get down to the making of any 
particular recommendations it was 
quite essential to have a real knowledge 
of the existing state of affairs. For a 
great many suggestions have been made 
as to why some industries are apparently 
backward and some progressive. The 
authors of this book set about their task 
by making “case studies” of a number 
of industries and firms, and studying a 
great number of statistics bearing upon the 
issue, spending more than three years on the 
work. Their survey shows that there are 
no simple answers to the question as to 
how to make British industry more pro- 
gressive. Indeed some of the criticism 
is itself ““shot down.” There is not as 
much evidence as some scientists had 
thought that British industry is backward 
relative to other nations in exploiting 
scientific discoveries ; “‘ British industry 
is not unusually backward in scientific 
matters. . We have found many firms 


* Price 25s, 





same situation. Doubt is cast on the 
validity of many of the assumptions made 
to account for backwardness. It is a 
conclusion of the authors that there is 
little ground for complaints of lack of 
balance between basic and applied 
research ; Governmental control appears 
on balance favourable rather than the 
reverse to the speedy application of 
science. Smaller firms are not necessarily 
less progressive than large ones. There 
is no certainty that high taxation has a 
bad effect. It is:not essential for pro- 
gressiveness that there shall be tech- 
nologists on the board of directors. One 
cannot argue satisfactorily from the simple 
basis of the “small size” of the British 
market, for the effects of market size are 
complex ; nor is the fact that licences are 
taken out to use discoveries made abroad 
necessarily evidence of backwardness. 
It is not so much lack of capital that 
prevents expansion as unwillingness to 
face implications of accepting it, such as 
loss of family control. Lack of co-opera- 
tion from labour is not necessarily a 
significant factor. The point really being 
made seems to be that any firm is an 
organism having a character of its own. 
That character may be progressive or 
unprogressive and to change it from the 
latter to the former is not a simple but a 
complex and difficult task. 

It can, we think, in these days, be taken 
as axiomatic that a healthy firm is a 
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progressive one. Backwardness can there- 
fore be regarded as a disease. In recently 
founded industries it is usually a rapidly 
fatal disease. For those industries are 
founded to exploit relatively recent 
scientific discoveries in new fields in which 
further discoveries continue to be made. 
Firms must keep up to date or die. But 
in older established industries, in which 
“know-how” has been handed down 
from father to son for generations, the 
disease can become so widespread that 
it is no longer fatal. Why ? The answer 
may well be that a kind of in-breeding 
occurs. All engaged in the industry— 
workmen, junior and higher executives and 
higher management itself—have been 
bred and trained in the industry. There 
is no cross-fertilisation from more pro- 
gressive firms or industries ; and ‘even 
when new men with progressive ideas are 
introduced they are frustrated by the 
deadweight of opposition from those 
who have no mind for change, no 
belief that customary methods can be 
improved upon, and possibly some 
fear of losing status should new methods 
of which they have no understanding be 
adopted. What is the cure ? Depress- 
ingly, we doubt whether there is one that 
could have immediate effects; and wedoubt 
whether any country will ever rid itself 
of all its backward industries. For there 
just are not enough trained technologists 
to go round to man them; and more 
progressive industries will always be more 
attractive to the better technologists. 
That, indeed, in a sense, is the one really 
firm conclusion drawn in the book 
reviewed. ‘* We have no doubt that many 
more scientists and technologists must be 
trained if Britain is to consolidate her 
industrial research and apply it in complex 
processes.” The warning note is added : 
“ We think that it wiil be very difficult to 
increase the supply without considerable 
changes in the educational system.” 


ENGINEERING WAGES 


Just after our last issue had gone to 
press, the announcement was made that 
agreement about wages in the engineering 
industry had been reached between the 
Engineering and Allied Employers’ 
National Federation and the Confedera- 
tion of Shipbuilding and Engineering 
Unions. As is noted on page 848, the 
agreement follows the principal recom- 
mendation of the Court of Inquiry 
appointed to examine the dispute that has 
caused much concern during the last nine 
months. The increase which has now 
been granted of eleven shillings a week for 
skilled men, with corresponding increases 
for other grades, is, on a percentage basis, 
somewhat higher than amounts which 
have been awarded this year following 
wage claims in other industries. It is, 
therefore, appropriate that there should 
be some “strings” attached to the 
award. By their willingness to follow the 
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recommendation of the Court of Inquiry, 
the engineering employers have travelled 
some distance from the attitude they felt 
bound to adopt in their earlier considera- 
tion of the 10 per cent wage claim ; they 
have conceded more than they deemed 
economically possible. The union repre- 
sentatives, on their part, by undertaking 
not to make a further wage claim for at 
least a year, by agreeing to encourage the 
introduction of new techniques, and by 
pledging their support of the general 
principle of a fair day’s work for a fair 
day’s pay, have revealed a much greater 
measure of responsibility than sometimes 
appeared evident prior to the inquiry. 

This wage settlement, it has been stated, 
will cost the engineering industry 
£70,000,000 a year. That additional 
expenditure can be justified only if it 
assists the achievement of greater stability 
than the industry has lately experienced. 
The ability of both sides to come to terms, 
after their earlier clashes of opinion, 
emphasises—if any emphasis is necessary 
—that co-operation is of more lasting 
value than conflict to the present and 
future prosperity of the British engineering 
industry. Need it be added that the 
co-operation of the unions is an essential 
factor in maintaining and improving the 
fortunes of that industry? As we write, 
a settlement of the shipbuilding wage 
dispute has still to be reached. The 
principal union involved has so far given 
no sign that it is willing to support 
decisions similar to those made in the 
engineeringindustry; and the Shipbuilding 
Employers’ Federation is apparently not 
favourably disposed towards an uncon- 
ditional wage increase of 5 per cent. But 
the responsibility for the union side of the 
negotiations remains with the Confedera- 
tion of Shipbuilding and Engineering 
Unions. A curious and unfortunate situa- 
tion could arise if, in next Monday’s 
discussion on shipbuilding wages, the 
Confederation pursued a course different 
from that which has helped to bring about 
a satisfactory conclusion to the engineer- 
ing wage dispute. The effects of such a 
situation would be, on the one hand, 
further damage to the shipbuilding indus- 
try and, on the other, a weakening of the 
Confederation’s position in trade union 
organisation. 


RUSSIAN WATER POWER 


In hydro-electric engineering, we expect 
to find “national” schools of design. 
Each country has its own special problems, 
imposed by the river valleys and other 
natural factors, and these seem to bring 
out talents which are also national traits. 
In the United States we expect schemes 
that have been laid out for rapid, highly 
mechanised construction, so that they 
can start to “ pay-off ”’ as soon as possible; 
in France, we expect an intellectual 
approach, delighting in a mastery over 
natural obstacles with the minimum of 
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material outlay. And in Russia, too, 
water power developments are equally 
characteristic, their distinguishing unique- 
ness being vastness of scale. Although 
the rivers dictate the scale of the project, 
the impression of size is not limited to 
any one scheme, but extends to the 
development programme as a_ whole. 
For instance, the Volga “ cascade” of 
nine power stations will transform the 
Volga, from Moscow to the Caspian, 
into a series of lakes, and the river will 
be fully utilised, possibly with diversions 
of water from northward-flowing rivers 
in addition to its natural flow. Most of 
the Russian developments up to now, 
including those on the Volga, are “ low- 
head” schemes, and they have been 
designed following a general method 
which appears to have almost the uni- 
formity expected from one of the classical 
styles of architecture. Dams are built 
from hydraulically placed sand fill, the 
power station, spillway and navigation 
locks being concentrated inte lengths— 
as short as possible—where concrete 
construction is used. Here an enormous 
gantry may be built, to carry construc- 
tional cranes, railways and other plant, 
and to be incorporated in the permanent 
work as a frame of reinforcement for 
the sluice gate structures. Concrete will 
be heavily reinforced, with large pre- 
fabricated welded cages of reinforcement, 
and with large precast slabs used instead 
of shuttering. 

Other characteristics of these schemes 
are noted in the abstract we publish in 
the Continental Section on page 849, of 
the report of the delegation from this 
country which visited the U.S.S.R. last 
year, to study hydro-electric installations 
there. The delegation’s report was dis- 
cussed at a meeting held at the Institution 
of Civil Engineers last week. It is a 
comprehensive document, giving a bird’s- 
eye view of the whole gamut of water 
power development in the U.S.S.R., 
including actual installations, research 
facilities, future plans and so forth. All 
this information is accompanied by 
statistics—of the principal rivers, water 
power reserves, and so on—and includes 
an estimate made by the delegation of 
the cost of power generated at various 
schemes. The opinion expressed, and 
the facts given, are stated with reservation. 
One or two criticisms are made—for 
instance, of the quality of the concrete 
seen at one of the sites—but the delegation 
has not committed itself to any very 
general comment, except in its conclusion 
“that Russian engineers are not lacking 
in engineering ability when dealing with 
the varied problems met with in river 
control and development works. Nor 
are they lacking in courage and ingenuity 
in planning and constructing structures 
on permeable foundations and made-up 
ground.... They have been most 
successful with the projects they have 
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attempted and they are obviously backed 
with sufficient technical know-how and 
experience to enable them to deal with 
any difficulties or troubles which might 
arise.” In face of the gigantic Kuibyshev 
power station, now nearly completed, and 
of other even larger ones, such as the 
Bratsk power station in Siberia, which are 
planned, less praise than that would have 
been impossible. In fact, we rather 
infer that the delegation may, at times, 
have been overawed by the size of the 
Russian schemes, as some of the speakers 
at the discussion last week certainly were. 

On reflection, however, we find that 
the information given in the delegation’s 
report was in a large measure already 
published in documents such as the papers 
presented at the World Power Conference, 
and, in this journal, too, where the 
Kuibyshev scheme was described in some 
detail on March 15 and 22 last. Further- 
more, it is worth remembering that only 
about 20 per cent, in very round figures, 
of electricity is generated, in Russia, 
from water power, and this percentage 
will be roughly maintained as the system 
develops over the next ten or twenty 
years. Perhaps we were expecting too 
much from a crowded fortnight’s visit, 
but we were disappointed to find a lack 
of detail in the descriptions of some of 
the points of greatest interest in the 
report. For instance, the Lake Sevan 
scheme is explained, but the reason for 
the controversy about the extent to which 
the lake should be lowered is not. On 
some other matters, such as the “ rather 
brutal” method of post-tensioning con- 
crete and the experimental turbine at 
Molotov power station, there is a tantalis- 
ing lack of detail. But for the first time 
the report gives a readily available survey, 
both comprehensive and from a trust- 
worthy source, of the present state of 
Russian water power development, and 
therein its value lies. As to the schemes 
themselves, those already built are without 
doubt very noteworthy engineering feats. 
It should be remembered, however, that 
in schemes of such size—the Volta River 
scheme springs to mind as at least one 
similar example—promotion may be as 
difficult as execution, and the Russian 
system of economy is greatly advan- 
tageous. Money and resources are simply 
directed to the task, and there is no further 
difficulty even though 120,000 people 
(the figure for the Stalingrad scheme) 
have to be shifted from the reservoir site. 
On the purely technical side, it appears 
that the Russian hydro-electric industry 
is largely post-war in its present form, 
and it has developed along the lines par- 
ticular to Russian needs and hydro- 
logical resources. It is obviously a 
vigorous industry and has much to its 
credit, and it compares with similarly 
young and vigorous industries in other 
countries, being probably better than 
some, and worse than others. 
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A Seven Day Journal 


Deep-Water Harbour at Bridgetown, Barbados 


‘A CONTRACT valued at £3,666,666 has been 
awarded by the Barbados Government for 
the construction of a deep-water harbour in 
Bridgetown. ‘The contract, which was open 
to international tender, will be completed in 
about four years. 

The new works will include a breakwater 
extending for 1000ft in a westerly direction 
and then 1700ft to the north, being open only 
at the northend. The main wharf wall will 
be 1211ft long and the area behind it will be 
retained for roads, stacking and warehouses. 
This reclamation will extend to the shore and 
will be contained at the north and south ends 
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““ INTRODUCTION OF GAS FOR RAILWAY 
TRAINS ” 


**On Monday week last an experiment 
was tried to ascertain how far it was 
practicable to introduce gas as a means of 
lighting railway trains, in lieu of the 
ordinary oil lamps. The trial was made 
between York and Doncaster, a first-class 
carriage in the mail train, due at Doncaster 
at 11 p.m. having a jet in each compart- 
ment. The apparatus, which was fixed by 
Mr. Knapton, of York, the inventor, is 
exceedingly simple. Underneath the car- 
riage was an inflated gasometer, which was 
filled by means of gutta percha pipes con- 
nected with it, and which can be attached 
at any station. Branch pipes passed up the 
sides of the carriage and lighted each 
compartment. 

“There would undoubtedly be a saving 
by the adoption of gas, but as the gasometer 
would entail considerable trouble and 
expense in removing it, in case of repairs 
being made at the bottom of the carriage, as 
well as the great expense of fitting it up, 
etc., it remains to be seen whether the 
Great Northern Railway Company will 
adopt the improvement. Mr. Knapton’s 
plan is, we understand, a very good one, 
and the removal of the oil lamps and the 
substitution of gas would be a great boon to 
all travellers. The experiment was per- 
fectly successful, the highest satisfaction 
being expressed by those who travelled in 
the carriage. The South-Eastern Railway 
are about to try Mr. Knapton’s plan, and 
for this purpose the royal saloon passed 
through Doncaster for York, to be fitted 
up with all the necessary apparatus.” 











by rubble banks 1700ft and 2600ft long 
respectively. Between the wharf wall and 
the protection of the breakwater there will 
be a 500ft inner berth of reinforced concrete, 
but the quay wall and the breakwater are to 
be constructed of sliced blockwork and will 
comprise some 25,000 blocks ranging between 
15 and 26 tons. In addition to the main 
quay wall and the inner berth the first part of 
the main breakwater will be used as a bulk 
sugar loading berth. There will be 1,000,000 
cubic yards of dredging and reclamation of 
1,750,000 yards. The consulting engineers 
are Coode and Partners, and the contractor 
is Richard Costain, Ltd. 


Hydraulics Research 


THE work of the D.S.I.R.’s Hydraulics 
Research Station at Wallingford is reviewed 
in the report for 1956, which has just been 
published. During the year, it is stated, the 
station’s main hall was brought almost fully 
into use, as various models intended for the 
study of problems in the behaviour of various 


rivers, harbours and estuaries were con- 
structed. A full programme of work of this 
kind is thus being undertaken, the solution 
of current problems representing about four- 
fifths of the station’s work. Fundamental 
studies in loose-boundary hydraulics thus 
occupy the laboratory to the extent of only 
about one-fifth of its capacity. Accounts 
of the various studies in progress at Walling- 
ford are given in the report, but we do not 
propose to give further details of them here ; 
some of these studies were, however, des- 
cribed in THE ENGINEER of November 9 last. 


Institution of Metallurgists 


AT the annual general meeting of the 
Institution of Metallurgists, which was held 
in London last week, Mr. James Mitchell was 
elected president. In an address, delivered at 
the meeting, Mr. Mitchell emphasised the 
importance of the human and personal side 
of the metallurgical profession. He also 
expressed his regret that in recent years there 
had been a tendency to “ narrow specialisa- 
tion from a limited angle.” 

It was sometimes difficult, Mr. Mitchell 
said, in the products of our universities to 
recognise any difference between the phy- 
sicist, the physical chemist and the metal- 
lurgist. It ought to be insisted a little more 
emphatically, he thought, that the metal- 
lurgist was primarily a technologist, and that 
his business was to bring up to date the 
application of new scientific knowledge and 
to see to its use as a spur to efficiency and 
lower costs and prices. Mr. Mitchell went 
on to suggest that the classification of the 
medical profession into general practitioners 
and specialists was also applicable to metal- 
lurgists, though in metallurgy there were more 
specialists and fewer G.P.s. Success in 
metallurgy depended on the knowledge and 
skill of the practitioner, and so far as know- 
ledge went, Mr. Mitchell observed, there was 
no substitute for day to day experience. 


Future of the Aircraft Industry 


Last Friday, the Minister of Supply, 
Mr. Aubrey Jones, flew to Bristol to open the 
large low-speed wind tunnel of Bristol Air- 
craft, Ltd. In a speech at Filton House, he 
remarked that the aircraft industry was not- 
ably strong in view of the small native market 
for aeroplanes ; he believed that its export 
business, which at present was second in 
volume among this country’s industries, 
would remain vast into the 1970s. The 
Parliamentary Select Committee was, he 
believed, right in saying that the country had 
undertaken too many military aircraft pro- 
jects ; the level of activity attained during 
the Korean conflict could not be sustained. 
He then enlarged on the relations between 
his Ministry and the industry. 

The aircraft industry could not be described 
as subsidised ; the Government invested 
money in certain projects, and its returns had 
been considerable since 1952. He hoped to 
see the industry form into larger units. The 
responsibilities of the Government to the in- 
dustry were to perform fundamental research, 
which was done by the Ministry of Supply 
to the limits, he said, of financial prudence, 
and so to correlate the country’s demands for 
transport aircraft that the resulting machines 
could be’sold to overseas air lines. He looked 
forward to the construction of a supersonic 
airliner, and was certain of the need for a 
passenger helicopter. He regarded it as his 
duty to help the industry in the retrenchment 
facing it. 
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Sir Alfred Herbert, K.B.E. 


Sir ALFRED HERBERT died suddenly at Hurstbourne Priors, 
Hampshire, last Sunday, May 26. He had lived long, for he was 
nearly ninety-one, and certainly his life was a full one. Sir Alfred 
was a distinguished member of the British machine tool industry, 
in which he spent nearly seventy active years ; he was a leading 
citizen of, and a generous benefactor to, Coventry, and by many 
he will be remembered for his love of the country and country 
sports. 

Sir Alfred, who was born on September 5, 1866, was the son of 
a Leicestershire farmer. He was educated at Stoneygate School, 
Leicester, and there were expectations at one time in his youth that 
he would enter the church. Sir Alfred’s interest in engineering, 
however, led him to persuade his father to agree to an apprenticeship 
with Jessop and Sons, of Leicester. When the apprenticeship was 
completed, he was offered a position as works manager of a small 
engineering business, in Coventry, owned by Coles and Matthews. 
The principal activities of that business were repair work and the 
building of small boilers, together with some agricultural machinery 
contracting. After a year or so as manager, Alfred Herbert had 
the opportunity to purchase the business for a “ relatively small 
amount.” In this venture he went into partnership with Mr. 
W. S. Hubbard, and, under the style of Herbert and Hubbard, the 
business was extended by the production of various machines, 
including pill sorting and ribbon making machines. At the time, 
however, the early 1890s, a marked development of the cycle 
manufacturing industry was beginning, and the demand for machine 





tools suitable for cycle making was increasing. 
Hubbard were immediately interested. Sir Alfred himself recalled 


quite recently that the first machine which 
the firm actually produced for bicycle work 
was a polishing lathe ; it was followed by a 
simple drilling machine, and subsequently by 
a 5in centre back-geared hand lathe with 
compound rest. 

The outcome of this development of a 
small engineering business was the formation 
in 1894 of a limited liability company 
registered as Alfred Herbert, Ltd. The 
major portion of the firm’s work in its early 
days was concentrated upon the manufacture 
of machine tools for the cycle industry. But 
it was not long before Alfred Herbert, Ltd., 
was undertaking agencies for American 
machine tools. Progress was rapid; Sir 
Alfred, the founder, chairman and managing 
director of the firm, soon came to be recog- 
nised as a machine tool authority. The 
business which had a not very significant 
start has, over the years, grown into an 
organisation with four factories in this 
country, employing over 5000 people, and 
having either an associated company or an 
agent in forty-eight countries overseas. 
Naturally, in his later years, Sir Alfred 
reminisced—always modestly—about the 
growth of his company. The 1890s, he 
wrote, were a lucky time to start making 
machine tools, for the repetition methods of 
the cycle trade were having no small influence 
on other industries then growing up, among 
them electrical engineering, the motor-car 
industry, the manufacture of typewriters, 
telephones, and steam turbines, and, subse- 
quently, the aircraft industry. Sir Alfred 
saw to it that his company studied the needs 
of those industries and adapted its products 
to meet their requirements. 

The contributions made by Sir Alfred and 
his firm during the two world wars were con- 
siderable. In the early part of the 1914-18 
war, Sir Alfred became deputy director- 
general at the Ministry of Munitions, and was 
subsequently appointed controller of machine 
tools. It was in recognition of his services 
in those positions that, in 1917, he was 
created a K.B.E. When the second world 
war came, Sir Alfred was in his seventies, 
but, with his characteristic energy, there were 
many services which he rendered to the 


Herbert and 


nation, in addition to carrying the added 
responsibilities of his business. A number 
of the addresses that he delivered and of 
articles that he wrote on subjects concerned 
with the war effort and the requirements of 
the post-war world were published a few 
years ago under the title Shots at the Truth. 
Some of them, we are proud to remember, 
originally appeared in THE ENGINEER. The 
book is an illuminating commentary on 
problems that puzzled many a mind. When 
it appeared, Sir Alfred wrote that over 
sixty years of his life had been spent in 
building machine tools, than which, he added, 
“IT know no more interesting job.” 

There were, of course, many other services 
to industry, education and public welfare 
which Sir Alfred readily performed. He was 
president of the Machine Tool Trades 
Association, and, for no less than the past 
fifty-two years, had been president of the 
Coventry Engineering Society. To the city 
of Coventry, there were many gifts and 
endowments, prominent among them being 
the Lady Herbert Garden and the Art 
Gallery and Museum. It was indeed fitting 
that he should be accorded the Honorary 
Freedom of Coventry in 1933. 

The very aged tend to drop out of the 
public eye. It is forty years ago that Sir 
Alfred, as controller of machine tools 
during the first world war, was a public 
figure. It is twenty or more years since he 
was an active figure in the work of the 
Machine Tool Trades Association. But if 
since the second world war his public 
appearances had become: rare, in his own 
private affairs and those of his firm Sir Alfred 
remained as-energetically active as ever. In 
his younger days he had been 4 somewhat 
controversial figure. For he combined with 
that force of character and personality, 
which rapidly brought him to the top, an 
independent force of mind. He did not care 
to take any ideas from others ready made ; 
and if those ideas did not seem to him to 
accord with common sense he was quite pre- 
pared to say so, however unpopular his own 
views might prove to be. Moreover, he was 





not content only with speech. In so far as 
matters lay within his own control he was not 
to be withheld from taking action merely 
because others disapproved. With increasing 
age, however, he became more tolerant, not 
of opposition—he remained somewhat of an 
autocrat to the end—but of people ready 
fearlessly to support opinions opposed to his 
own. He had, indeed, little use for yes-men. 

Almost to the very end of his life he con- 
tinued to take an active part in the direction 
of his company, spending several days a week 
in Coventry and his weekends at home in 
Hampshire. Though in his last few years he 
was content to leave much of the work in the 
hands of others, he took a particularly close 
interest in the safety of his workpeople, 
requiring to be notified every week about any 
accidents, however small, that had occurred. 
Socially he gathered around him a wide range 
of friends and acquaintances, delighting 
especially to offer young people the chance to 
experience first-class shooting and fishing. 
Over his household he ruled as an autocrat 
brooking no opposition; but he was a 
singularly benevolent autocrat, ever careful 
for the happiness, health and well-being of 
those who served him. Until the last few 
months of his life he was blessed by a con- 
tinuance of physical health and well-being. 
Attended by Piper, who would drive his car 
over the fields to a shooting butt or to the 
river’s bank, he took an active part in country 
sports. If on a warm summer’s day in his 
last decade he might retire after a strenuous 
morning’s fishing to his car, ostensibly to 
read The Times, there was always Piper by 
to arouse him if the trout should start to 
rise. And after a full day’s sport many a 
guest would be kept up until the small hours 
talking of shooting or fishing, or the nature of 
the universe, or the philosophy of good and 
evil, or of people he had met or of anything 
which happened to be interesting his active 
mind. It will be sad grief to many people to 
learn that he has gone wherever it is that 
good men go, and to none a greater grief than 
to those who dwelt in his household and saw 
and spoke to him daily. 
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Dounreay is an experimental and research establishment of the Industrial Group of 
the United Kingdom Atomic Energy Authority. Its function is to yield information 
about the operation of large-scale experimental reactors. This information should 
provide the engineering basis for building and operating the advanced reactors that 
are likely to constitute the second and third stages of Britain’s nuclear power 


programme. 


The installations described here include the fuel fabrication plant of 


the Dounreay Materials Testing Reactor and the chemical processing plants. 


HERE are four main sections in the 
chemical group at Dounreay. They are 
concerned, respectively, with fuel element 
fabrication ; chemical separation of uranium 
from the irradiated fuel elements, and billet 
production therefrom; effluent disposal; and 


chemical analysis. 


Fuel element fabrication involves two 
separate processes. In one, fuel elements for 
the fast fission reactor are made from 
enriched uranium; _ in the other highly 
enriched uranium is used to make fuel 
elements for the Dounreay Materials Testing 
Reactor. The plant for producing fuel 
elements for the fast reactor was in the 
process of being commissioned during our 
recent visit, and was not, therefore, included 
in the tour of the establishment. 


DMTR FUvugEL FABRICATION PLANT 


The DMTR fuel element plant which we 
saw during our visit is designed to supply fuel 
elements for the heavy-water-moderated 
Materials Testing Reactor at Dounreay, for 
two similar reactors at Harwell, and for 
other reactors of this kind to be built at home 
and abroad. For example, fuel elements 
made at Dounreay will be used in “ Merlin,” 
which is shortly to be commissioned at the 
research laboratories of Associated Electrical 
Industries, Ltd., at Aldermaston, and will be 
the first reactor to be built and operated by a 
commercial undertaking in Great Britain. 
Fuel elements will also be supplied to a 
materials testing reactor which is now nearing 
completion in Australia. 

The DMTR fuel elements consist of an 
active portion, known as the fuel element 
box, to which are attached various aluminium 





fittings, which serve to locate the element in 
the reactor core, to direct the flow of heavy 
water coolant/moderator and to carry instru- 
ment leads and sampling tubes. The com- 
plete element is about 6ft long: The element 
box normally consists of ten fuel plates 
bracketed by two aluminium cover plates, 
the plates being separated by spacers at the 
edges. The whole assembly is brazed together. 
The box is about 2ft long and 23in square. 

Each fuel plate is a sandwich about in 
thick, consisting of an alloy of enriched 
uranium and aluminium about ?2/;9in thick 
between two aluminium plates. 

A typical fuel element for the ‘“ Dido” 
and “Pluto” reactors would have the 
following specification :— 

Overall length ee 
ROE ose) cee’ cok ce ace ccs 
Weight of uranium 235... ... ... «.. ae grammes 


Fuel platethickness ... ... ... .. 5' 
ee eee, 
Spaces between fuelplates... ....... .... 0-177in 
Radius of curvature offuelplates ... ... Shin 


The uranium is alloyed with aluminium 
in a vacuum furnace and cast (Figs. 25 and 
26) into billets, which are then rolled into 
strip and accurately punched to the required 
weight and dimensions. These strips are 
enclosed in an aluminium plate sandwich, 
welded round three sides, and rolled down to 
the finished thickness at 600 deg. Cent. 
After rolling they are assembled in a jig 
(Fig. 27) with channel sections of aluminium, 
coated with aluminium-silicon alloy, and the 
jig assembly is dipped into a flux bath which 
melts the aluminium-silicon alloy to produce 
a strong, rigid assembly. At all stages there 
is close inspection for dimensional accuracy 
and mechanical damage. Analytical control 





823 


is maintained over the composition of the 
uranium/aluminium alloy, which must lie 
between close limits, and over the dip brazing 
bath and cleaning solutions. 

The vacuum furnace equipment which was 
supplied for this casting line by Metro- 
politan-Vickers Electrical Company, Ltd., 
consists of high-frequency vacuum induction 
furnaces and the associated equipment for 
casting uranium and uranium alloys. The 
existing installation, which is now in opera- 
tion, covers nine such furnaces supplied from 
three 25kW motor-generator sets, with con- 
trol cubicles, capacitors and selector switches; 
it is divided into two separate schemes which 
are electrically and mechanically separate but 
are so designed that much of the equipment 
is interchangeable, to economise in spares 
stocks. 

Each furnace is designed for melting in 
graphite crucibles and under high vacuum, 
and because of the nature of the product all 
the operations are carried out in the glove 
boxes. The actual inductor coils (see Fig. 26) 
are water-cooled and are protected by water- 
flow relays ; if the water supply should fall 
below the minimum requirements visual and 
audible warning systems operate and the h.f. 
electrical supply is automatically switched off 
to prevent damage to the coils. Power cannot 
be switched on again until an adequate 
cooling water supply is available. Protection 
is given against vacuum failure by a pressure 
switch in the vacuum line which operates a 
relay, causing a magnetic valve to close in the 
water supply line ; therefore, a charge cannot 
be heated in atmospheric conditions. 

The three motor-generator sets are single 
units with motor and generator in a common 
stator and mounted on anti-vibration mount- 
ings; they are cooled by filtered air, 
exhausted to atmosphere. The generator 
power factor is corrected by water-cooled 
capacitors, which also allow maximum out- 
put to be obtained throughout the heating 
cycle. 

All the furnaces are controlled from 
cubicles, which contain furnace and generator 
selector switches, enabling the operator to 
switch to any furnace and to take a supply 
from any generator. Any three furnaces can 
thus be operated at any one time, each being 
independent of the others. The operators 


are protected from contact with live con- 
tacts by electrical and mechanical interlocks, 





Fig. 26—Two of the induction furnaces near the end of the casting line for 
the Dounreay Materials Testing Reactor. Each cabinet{is equipped with glove 
box handling facilities. The water-cooled inductor coil can be seen 
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which are designed to ensure that the correct 
sequence of operations is carried out in order 
to avoid damage to the equipment. 

More furnaces of similar design are being 
supplied for Dounreay by the same manu- 
facturer. 


Fast REACTOR CHEMICAL SEPARATION PLANT 


Uranium is recovered from the irradiated 
fuel elements from the fast reactor by a 
solvent extraction process, whereby the 
uranium is separated from the fission pro- 
ducts and plutonium. This process is 
carried out in the fast reactor chemical 
separation plant. Here the irradiated fuel 
elements are received embedded in lead 
inside a stainless steel container which is 
transported from the reactor to the plant in 
a shielded “coffin.” After being removed 
from their stainless steel containers the 
elements are mechanically stripped of their 
cans, leaving the bare uranium metal con- 
taining plutonium and fission products. 
The irradiated metal is then dissolved in 
nitric acid and passed through a four-cycle 
solvent purification process which yields 
pure uranyl nitrate, plutonium nitrate and 
fission product waste. The pure uranium 
solution is transferred to the metal fabrica- 
tion plant, the plutonium to Windscale 
Works and the fission products to the highly 
active liquor evaporation and storage plant 
at Dounreay. The process equipment is 
designed so that it is dimensionally safe for 
any mass or concentration of fissile material. 
Before the separation of the majority of the 
fission products, operations are carried out 
behind 4ft thickness of concrete biological 
shielding. Radioactive products are removed 
by chemical processing until eventually the 
material can be handled in glove boxes. 
Provision is made for accurate metering and 
sampling at all stages of the process for 
fissile material accounting and plant control. 

Briefly, the separation process proper 
begins with the transfer of the fuel element 
pieces to a steam-heated continuous dissolver, 
where they are dissolved in nitric acid. The 
overflowing rod solution is conditioned to 
the correct acidity and passes through a 
sludge remover, continuous sampler and 
constant volume feeder to the first cycle 
pulsed mixer-settler extraction unit. A 
tri-butyl-phosphate solvent flows counter- 
current to the rod solution and preferentially 
extracts the fissile material from the bulk of 
the fission products which run to the highly 
active liquor evaporation and storage plant. 
The uranium and plutonium are then 
recovered from the solvent by back washing 
with nitric acid in another contactor. The 
backwash solution is reconditioned and 
passed through a second and similar cycle 
to remove further fission products. The 
uranium is separated from the plutonium in 
a third solvent extraction cycle and the 
purified uranyl nitrate is transferred as 
required from storage tanks to the metal 
production plant, where billets of pure 
uranium metal are produced for feeding to 
the fuel element fabrication plant. The 
plutonium is subjected to another purifica- 
tion ‘cycle followed by concentration by 
evaporation and transfer to Windscale Works 
for processing to metal. 


MATERIALS TESTING REACTOR CHEMICAL 
SEPARATION PLANT 


A similar separation process is used to 
extract uranium from the fuel elements 
irradiated in the Materials Testing Reactor. 
The Materials Testing Reactor chemical 
plant receives a complete reactor charge of 
irradiated fuel elements -in a shielded coffin 
from the reactor. Here the elements are 
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dropped into a pond of water and the sides 
milled off under water to separate the 
individual plates, which are then coiled and 
charged singly into a dissolver. By charging 
in this way the amount-of fisile material fed 
to the plant is carefully controlled, thus 
ensuring that it is kept at a safe value. 

After charging the dissolver the fuel 
elements are dissolved in nitric acid to give 
a solution containing aluminium, uranium, a 
small amount of plutonium and _ fission 
products. A solvent extraction process then 
removes the aluminium and fission products 
from this solution. The resulting uranium 
solution is further purified by another 
solvent extraction cycle, which removes the 
plutonium and any residual fission products. 

The pure uranyl nitrate solution is then 
transferred to the metal production plant. 
The aluminium and fission product solutions 
from the first and second purification cycles 
are sent to the highly active liquor evapora- 
tion and storage plant. Provision is made 
for accurate metering and sampling at all 
stages of the process for fissile material 
accounting and plant control. 


URANIUM METAL PRODUCTION 


Some of the chemical and metallurgical 
processes carried out by the Chemical Process- 
ing Group enable uranium to be purified and 
recycled through the reactors. Separate 
processing is applied to uranium from both 
DMTR and fast reactor. In the normal 
recycling system uranium solution is received 
from either DMTR or fast reactor chemical 
separation plants, is converted to metal and 





Fig. 27—Jig assembly of sandwich plates making up 

the fuel element box. Each plate consists of an 

alloy of enriched uranium and aluminium sheathed 
in aluminium alloy 


passed forward either to DMTR or fast 
reactor fuel element plants for fabrication 
into fuel elements. 

During the various processes impure or 
unworkable uranium arisings occur, and they 
require special treatment for purification and 
conversion to pure metal. Purification is 
carried out in the recoveries section of the 
metal production building to give a uranium 
solution. This solution is then converted to 
metal, after blending with the solution 
received from the chemical separation plants. 

During nuclear reaction in the reactors 
the.ratio and total weight of uranium isotopes 
originally present in the fuel is changed. 
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The solution received at the metal production 
plant from reactor discharge is thus not o! 
the correct isotopic concentration for recharg 
ing. Before processing the solution, adjust 
ments are made to ensure that the meta! 
produced will have the correct isotopic 
enrichment for the reactor requirements. 

In the main line production process 
aqueous solutions of uranium are transferred 
from the fuel element chemical separation 
buildings to the metal production building, 
where they are concentrated by evaporation 
and stored in tanks. Addition of high or 
low enriched uranium is made, as necessary, 
to produce a blend, at the aqueous liquor 
concentrate stage, of the required enrichment 
and purity. This material is then passed 
through a series of processes involving pre- 
cipitation, drying and conversion to a solid 
compound which is then reacted with a 
metal to give a uranium billet and a slag. 
The metal billet as cast is then passed to the 
fuel element fabrication processes. 

Provision is also made for uranium 
recovery and processing. During the process 
of metal production some uranium is retained 
in side streams—for example, in the super- 
natant liquor at precipitation and in the 
slag’ formed during the billet formation : 
in addition, material is recoverable from the 
fuel element production processes. These 
materials are processed in a recovery section 
through the stages of dissolution, filtration, 
solvent extraction (for removal of impurities), 
to give an aqueous solution of uranium pure 
enough to be fed back to the metai production 
section after biending with the main bulk 
of solution coming forward from the fuel 
element chemical separation plants. A 
second recovery line is installed to recover 
uranium from extraneous sources which 
broadly follows the same lines as the normal 
recovery process, differing only in some cases 
in the initial treatment. 

After the treatment in the chemical separa- 
tion plants the material transferred to the 
metal production process is free from gross 
beta-gamma activity and low in all impurities. 
Therefore, the only precautions that need to 
be taken in the metal production plants are 
to ensure safety from alpha activity. The 
plants are arranged in the form of a series 
of “‘ dry boxes,” measuring about 3ft by 3ft 
by 2ft from back to front. The front is of 
“ Perspex ” and is fitted with rubber gloves 
through which access to the equipment in 
the box is made. A second “ Perspex” 
panel is fitted in front of the dry box 
“* Perspex” with openings through which. 
access to the gloves is made. Air flows 
through these openings towards the box and 
is extracted into ducting above the dry box 
for final discharge by way of the ventilation 
chimney. This arrangement gives complete 
protection to the operator from alpha activity 
and enables operations to be carried out with 
the minimum of remote control .and -the 
maximum of visibility. , 

Normally each dry box contains one. 
operational unit. Transfer to adjacent units 
is made by a tunnel fitted with a door to 
isolate the units. This arrangement simplifies 
maintenance and servicing with replacement 
units, complete with dry boxes and connec- 
tions for services such as electricity and 
compressed air. ; 

Control of the process is carried out from 
an operating area. : Maintenance and samp- 
ling are done from an access area which is 
isolated and to which entry is made through 
a sub-change room. As an added precaution 
ventilation air is arranged to flow always 
towards the line of boxes making up the 
operating units and is extracted above them 
between the operating and access faces. 
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EFFLUENT DISPOSAL 


Disposal of radioactive effluent from the 
chemical plants is an important function of 
the chemical group. Highly active waste 
products from the chemical separation pro- 
cesses are stored indefinitely in underground 
storage tanks. Waste of very low activity 
is diluted and at high tide is pumped along 
an underground pipeline out to sea, where the 
tidal current disperses and dilutes it. 

Concentration and storage of the fission 
product solutions arising from the chemical 
separation plants and the highly active 
laboratories are carried out in the highly- 
active liquor and storage plant. Evaporation 
is the method used to reduce the bulk of the 
fission product solutions, thereby economis- 
ing in storage space. 

The highly-active effluent is discharged to 
the building by two separate pipelines, one 
taking evaporable liquor and the other non- 
evaporable liquor. The non-evaporable 
liquor is the waste liquor from the DMTR 
chemical separation plant, which contains 
sufficient aluminium nitrate to make evapora- 
tion inadvisable because of crystallisation 
dangers. This non-evaporable liquor passes 
directly to storage and the evaporable liquor 
is piped to holding tanks in the building. 

From the holding tanks the highly-active 
liquor is transferred in batches to a constant- 
volume feeder in the evaporation cell. 
Because of the difficulties of maintaining 
pumps and valves this transfer is effected by 
vacuum-lift technique, the vacuum being 
produced by a steam ejector. The liquor is 
then fed through a steam strip column, 
(which removes the volatile tributyl phos- 
phate and kerosene) and then to a continuous 
evaporator. Finally the concentrated fission 
product solution is transferred to storage 
underground in reinforced concrete tanks 
lined with stainless steel, and the condensate 
from the evaporation is monitored and dis- 
charged to sea. The plant is so built that all 
the active section is situated behind con- 
crete biological shielding with all controls 
outside the shielding. Where there is a 
hold-up of a large. volume of concentrated 
liquor in a vessel inside the evaporation cell, 
shield plates of mild steel are erected to 
reduce the thickness of the concrete shielding 
required. The steam ejectors used to provide 
vacuum lift are situated outside the biological 
shield for case of maintenance. Precautions 
are taken in, plant design to guard against 
active vapour or liquid being drawn outside 
the shield. Again, where liquids from 
various sources have two or more alternative 
lines of flow, fiow distributors are used. 

The concentrated active liquors in storage 
contains several important isotopes, such as 
Cs!’ and Sr, which have industrial and 
medical uses. Provision is made in the plant 
for the withdrawal of liquor from the storage 
tanks and its transfer to a future extraction 
plant for isolating and purifying these 
isotopes. 

Low-Active Liquid Effluent—The sea bed 
and difficult tidal conditions made it imprac- 
ticable to adopt the straightforward pipeline 
method used for discharging low-active 
effluents at Windscale Works. 

After storage in tanks to allow sufficient 
decay. of activity, the low-active effluents 
are discharged to sea by four 9in pipes, 
which will be laid in a tunnel now being 
excavated about 70ft to 80ft below the sea 
bed. This tunnel, which is about 9ft high by 
7ft wide, is being driven through sandstone, 
the approach from the surface being by an 
adit 600ft long of | in 3 and by a shaft 15ft 
diameter and 212ft deep, at the bottom of 
which is a sump. Tunnelling is by con- 
ventional.methods, use being made of special 
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cement grout to consolidate the ground and 
seal fissures. In bad: sections the roof is 
supported by steel arches and a concrete 
lining. Elsewhere support is given by roof 
bolting. 

At the far end of the 2000ft tunnel there 
will be a dispersal chamber about 40ft by 
12ft in plan. From this chamber the effluent 
will be discharged through thirty 3in pipes 
lining holes drilled upwards to the sea bed. 
Drilling of these holes will be done through a 
special system of glands and valves. 

Sir William Halcrow and Partners are the 
consulting engineers for the work, which is 
being done by Whatlings Ltd., Glasgow. 
In each building the effluent is neutralised 
before sending it through a cast iron drain 
pipe to the two lined effluent pits ; three 
pumps are installed near the pits. Pumping 
is started one hour after high tide to ensure 
that the effluent is diluted and drawn away 
from the shore. To ensure that safety 
requirements are met‘a representative sample 
is taken of the liquid as it is being pumped to 
sea. The samples are analysed at Dounreay 
and records of the results are kept. 

Gaseous Effluent.—Most buildings are 
divided into working and plant areas. Fresh 
air is sucked or blown into the working area 
and then extracted from the plant area. This 
arrangement ensures that the staff are always 
working in a fresh air atmosphere. Should a 
leak develop on the plant side the direction 
of flow would ensure that any contamination 
would be carried away in the extract system. 
In certain operations where active dust or gas 
is produced, all work is carried out in totally- 
enclosed glove boxes. A special extract 
system removes thé contaminated air, 
which is then passed through special filters 
before going into the main extract system. 

The extract from each building is connected 
to a main duct, which runs the full length of 
the chemical plant and ends at the fan house 
and chimney. For normal operation two 
fans, each driven by separate electric motors, 
provide the extraction. An electrical supply 
failure would cause a diesel engine auto- 
matically to cut in driving one fan, to ensure 
continuity of extraction. 

In chemical plants which process irradiated 
fuel elements, gases and fine particulate 
matter which may be radioactive are released 
during decanning, dissolution in chemical 
reagents, and chemical treatment of solid 
material. The main effluents are radioactive 
gases (iodine 131, xenon and krypton) ; non- 
radioactive gases (nitrous fumes); and 
radioactive particles (uranium oxide and 
fluoride). The gaseous effluent system and 
control is designed to deal with all these types 
of effluent in such a manner that the quantity 
and rate of discharge can cause no ill effects 
in the surrounding area. Before chemical 
processing, irradiated fuel elements are 
stored to allow for radioactive cooling. All 
vessels where nitrous fumes are evolved from 
a radioactive solution, present a possible 
hazard in the form of entrained radioactive 
liquor in addition to the oxides of nitrogen. 
These vessels are vented through water 
scrubbing towers, where the nitrous fumes are 
dissolved and any entrained radioactive 
liquor is removed, leaving only insoluble 
inactive gases to be discharged to atmosphere. 

Uranium oxide and fluoride are handled 
in dry powder form. They are beta-active 
and have long half lives. To guard against 
discharge of particulate matter all gaseous 
effluents originating from these materials are 
filtered through special resin-treated merino 
wool filters, which remove all activity before 
discharging into the main gaseous effluent 
system. Provision is made for continuous 
sampling of the effluent, 
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Chemical Analysis and Control Labora- 
tories.—The fourth main function of the 
chemical group is to provide for control by 
chemical analysis of all processes within the 
group to ensure that all the plants are 
operated safely and efficiently. In the control 
laboratory samples of materials taken from 
all stages of the chemical separation plants 
are analysed to confirm that their operation is 
both economical and safe. 


RESEARCH AND DEVELOPMENT 


The experimental programme for the 
development of the fast reactor and for the 
utilisation of the Dounreay Materials Testing 
Reactor (DMTR) is decided by the 
research and development branch of the 
Industrial Group of the A.E.A. A compre- 
hensive study of the nuclear and thermal 
characteristics of both reactors will be started 
at the commissioning stage and then, par- 
ticularly in the case of the fast reactor, will 
be continued in parallel with the reactor 
development programme. 

Among the matters to be studied will be 
neutron flux, the effect of control systems on 
reactor power, and the effect of prolonged 
irradiation of fuel elements on neutron 
behaviour. In the case of the DMTR, 
flux depression caused by the presence of 
experimental rigs and specimens will be 
measured. 

Irradiation testing in the DMTR involves 
careful design of experiments to ensure that 
accurate and reproducible data is obtained. 
Control of conditions during the tests, and 
assessment of phenomena due to neutron 
and other radiations, may involve inactive 
testing in a separate laboratory simultaneous 
with reactor work. After irradiation of fuel 
elements in the fast reactor and specimens 
in the DMTR, a detailed examination will 
be made behind heavy shielding. Dimen- 
sional checks, examination by macroscopic 
and microscopic means and measurement of 
physical and mechanical properties will be 
done initially on the complete component, 
and, later, on small specimens cut from the 
original. The chemical. processes associated 
with fuel manufacture, recovery and recycling 
of fissile material, will be studied on a labora- 
tory scale with the aim of effecting technical 
and economic improvements. 

Experimental work to study the approach 
to a critical mass of a wide variety of 
materials under unusual conditions of dis- 
persion is being carried out. The prospects 
of developing this kind of experiment to a 
study of the behaviour of reactors in unusual 
circumstances is under consideration. 

Fuel Element Development.—The purposes 
of the fuel element development group at 
Dounreay are to study new fuels and fuel 
elements having improved performance 
characteristics and to develop suitable fabri- 
cation methods for them. The work is 
similar to that being done for other reactors 
at other A.E.A. establishments, but is 
specifically concerned with highly rated 
elements and with plutonium-based fuels. 

A fuel element development laboratory 
is being planned for this work and it will 
contain equipment for fabricating fuels of 
various kinds. The fuels vary from fairly 
simple metal alloys to ceramics and cermets, 
whilst the methods for their preparation will 
include high-frequency melting and casting, 
arc melting, powder metallurgy, rolling, 
swaging and machining. Because much of 
this work will be carried out with plutonium 
containing materials which are alpha-active, 
all the equipment will be set up in argon- 
filled dry-boxes made. of stainless steel and 
** Perspex,” and will be operated through 
gloves sealed to the “ Perspex” windows. 
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Current practice in the treatment of 
irradiated metal is to store irradiated fuel 
elements in cooling ponds until the fission 
product radioactivity has decayed consider- 
ably, and then to use wet chemical methods 
to remove the fission products from the 
uranium. It is possible that economies could 
be effected if the refabrication of fuel elements 
after irradiation could be carried out on 
material which had been “ dry” processed 
and which still retained a considerable 
quantity of highly active fission products. 
Accordingly, the fuel element development 
group is studying methods for the remote 
fabrication of materials, in which the operator 
and his plant are separated by concrete 
several feet in thickness, and operations are 
made as completely automatic as possible. 

Experimental Criticality Laboratory.—A 
laboratory has been built and equipped 
at Dounreay for arranging experimental 
assemblies of fissile material in various 
geometrical configurations, to assess the 
potential risks in plant in which fissile 
material is processed. This work involves 
the examination of chain reacting systems of 
many kinds; they range from purely 
thermal-neutron systems containing sufficient 
moderating substance (such as ordinary 
water) to bring the diffusing neutrons fully 
into thermal equilibrium with the moderating 
substance, to systems in which the fissile 
material is in the form of pure metal without 
moderation, thus constituting fast-neutron 
reacting systems. An important category 
which has not so far received very much 
theoretical or experimental treatment is the 
intermediate or under-moderated system, 
which may one day be of interest for power 
reactor systems and is already of concern in 
fissile material processing plants where large 
quantities of undiluted and highly enriched 
fissile material may be processed in large 
batches, or in continuous plant in which 
there may be large hold-up volumes and in 
which small quantities of moderating material 
could accidentally become mixed with the 
processed material. 

Since the geometrical arrangement of units 
containing fissile material in processing plant 
may be quite complex, calculation from 
nuclear data becomes a matter of extreme 
difficulty, and it is necessary to adopt experi- 
mental measurements. 

To yield the maximum design information 
from the minimum number of experiments, 
the experimental work of the criticality group 
is largely fundamental, from which the more 
complicated ad hoc cases can be inferred. At 
the present time the group is working on a 
series of experimental measurements of the 
critical sizes of cylinders containing aqueous 
or hydrocarbon solutions of enriched U-235. 
Cases of interest are bare cylinders, cylinders 
fully reflected by water (such as might occur 
when an item of plant equipment becomes 
accidentally flooded or when it is approached 
by several human beings simultaneously), and 
cylinders containing concentric voids or air 
spaces, and concentric rods or hollow tubes 
of neutron absorbing materials. Topics to be 
studied later will include the question of the 
neutron interaction between cylinders, and 
possibly spheres, containing solutions of 
fissile material and, similarly, interactions 
between unmoderated and under-moderated 
reacting systems. 

The critical assemblies are made by remote 
control and all the control mechanisms are 
interlocked for safety. The control room is 
in a large hut close to the sea edge and the 
experimental cell, connected to it by a 
weather-protected walkway, is 300ft further 
along the coast. 

Current work on liquids involves the 
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handling of enriched U-235 solutions, and 
this in turn leads to an alpha-activity con- 
tamination hazard because of the concentra- 
tion of the naturally occurring U-234 during 
the enrichment process. “The cell is an active 
area and the items of equipment which are 
likely to become accidentally contaminated 
have been enclosed so far as practicable in 
glove boxes or other partially protecting con- 
tainers. In the design of the experimental 
apparatus for handling the solutions items of 
equipment are dimensional and arranged in 
relation to each other in such a way that no 
criticality hazard can arise during the pre- 
paratory operations for inserting the fissile 
material solutions into the reactor core 
tanks. Even the trays provided on the floor 
to catch accidental spillage have been so 
designed that they themselves cannot become 
a reacting system. 

The experimental criticality group will 
also do sub-critical and non-critical neutronic 
experiments to provide data additional to 
that obtained from the critical assembly work. 
Examples are measurements of neutron 
absorption coefficients, diffusion ‘length and 
slowing down length of neutrons through 
various media. 

Metallurgical Examination of Radioactive 
Fuel Elements.—A special building is being 
built at Dounreay for the examination and 
testing of highly radioactive specimens. It 
will contain a U-shaped line of small 
laboratories. The protective walls will be 
of 4ft 6in thick concrete with zinc bro- 
mide type windows. In these “caves” a 
complete inspection and examination of fuel 
rods will be possible, including dimensional 
measurements, mechanical testing, physical 
testing, such as density and conductivity, heat- 
treatment and metallography. One “ cave” 
will contain machining facilities. 

Reactor Physics Group.—The main objects 
of the reactor physics experiments in the fast 
reactor will be determination of the factors 
controlling breeding ratio and burn-up ; 
the use of plutonium fuels, and safety, control 
and stability of operation. Theoretical fore- 
casts of reactor stability will be verified by a 
series of “ oscillation experiments,” over the 
full range of power levels and values of 
coolant flow, and by examining the power 
changes after a rapid change of coolant flow. 

The absolute value of neutron flux will be 
determined, together with the flux distribution 
and the neutron energy spectrum ; these 
experiments will be done at initial reactor 
start-up, at different power levels, and when- 
ever there is a. change made in the core. 
Capture cross sections and fission cross 
sections will be determined at various core 
positions for the fissile isotopes of thorium, 
uranium and plutonium. This information 
is required to estimate breeding ratios. 
Cross sections of materials of construction 
at various positions in the core and blanket 
will be determined to assist future reactor 
designs. 


AUXILIARY SERVICES 

Electricity Supply.—Electricity is supplied 
to Dounreay by the North of Scotland 
Hydro-Electric Board. A double circuit 
132kV line brings the supply from Loch Shin 
to Mybster, where it is stepped down to 
33kV. From Mybster two 33kV lines feed 
a ring main system, one side being a direct 
feed to the Hydro Board 33kV substation at 
Dounreay. There the 33kV supply is taken 
by cables to two transformers, next to the 
main factory substation, where the supply is 
stepped down to 11kV. From the main 
factory substation 11kV cables feed a ring 
main system, including two more substations 
at the north side of the ‘factory. At these 
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three 11kV substations the supply is trans- 
formed down to 415/240V for distributio: 
to the various buildings. In the event of : 
failure of the Hydro Board supply, standb, 
diesel plant is available to cater for essentia 
services (including the fast reactor) and con- 
struction requirements, as described below. 


The output from the 1SMW generator 
which will be associated with the fast reactor 
will be fed into the main factory substation 
where it will be connected to the Hydro 
Board system, and will supply the factor 
site and will export surplus to the Caithnes: 
area. 

The switchgear in the main substation 
consists of Reyrolle 11kV, 350MVA oil 
circuit breakers with horizontal isolation. 
Duplicate busbars are provided; with a sectio1: 
switch in the main bar and bus couplers 
between each section of the main busbar and 
the reserve busbar. Oil-immersed busba: 
selectors on the oil circuit breakers give 
facilities for on-load selection of busbars. 
A -castell key interlock ensures that the 
appropriate bus coupler is closed before the 
selector on the oil circuit breaker can be 
moved. In the two 11kV substations on the 
ring, the switchgear main is similar to that 
in the main substation except that the 
arrangenmient is a single busbar with section 
switch. The main protection on the ring 
main is “‘ Solkor” with directional over- 
current and earth leakage as back-up protec- 
tion. Fire protection in the switchrooms is 
given by a CO, installation operated auto- 
matically from fusible links in the switch- 


- room and with facilities for hand operation. 


The interconnector switches on the 11kV 
ring main can be operated by remote control 
from the main substation. 

All 11kV/415V transformers are 1000kVA 
with 6 per cent reactance. The transformer 
protection is overcurrent and earth leakage 
on the h.v. side and restricted earth leakage 
on the L.t. side with inter-tripping between 
the h.t. and Lt. sides. 

The main 415V switchboards consist of 
Reyrolle 35MVA air-break, horizontal draw- 
out circuit breakers with current ratings up 
to 1600A. The arrangement is single busbar 
with section switch, each section of the 
busbar being fed by a 1000kVA transformer. 
From these boards cables run to the distribu- 
tion boards in the factory buildings. The 
feeders are controlled by air-break switches 
fitted with overcurrent and earth fault relays 
at the supply end and by air-break isolators 
at the remote end. The distribution boards in 
the factory buildings are made up of air- 
break switch-fuse gear. 

Diesel Engine Auxiliaries.—Thirty-four 
Crossley two-cycle scavenge pump diesel 
engines are being installed for essential 
services at Dounreay. 

In the generating house there will be 
twenty “ESL.5” vertical five-cylinder 
engines, rated at 200 b.h.p. at 600 r.p.m., 
each driving a 120kW, three-phase, 50 c/s 
alternator. There will also be six “‘ ESVee 8 ” 
vee form, eight-cylinder engines, rated at 
360 b.h.p., at 600 r.p.m., each driving a 
220kW, three-phase, 50 c/s alternator. 

The emergency standby sets provided for 
the fast reactor consist of three “‘ ESL.5” 
vertical engines, rated at 200 b.h.p. at 600 
r.p.m., each driving an alternator similar to 
those in the generator house. These sets 
are designed to start automatically on failure 
of the mains supply by a solenoid-operated 
automatic starting gear which introduces air 
into the engine cylinders. 

In the sea water pump house there are four 
“ ESN.8” vertical engines, rated at 320 
b.h.p. at 600 r.p.m., driving through “ Twi- 
flex *’ automatic clutch and flexible couplings 
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to a David Brown right angle gearbox into a 
Gwynnes vertical shaft centrifugal pump. 

A standby set is being installed for the ~ 
ventilation system in the chemical block ; 
consists of an “ ESN.3” vertical aaiile 
engine, rated at 192 b.h.p. at 960 r.p.m. 
This set is fully automatic on mains failure. 

Water Supply.—The Caithness County 
Council is responsible for the supply of fresh 
water to the Dounreay establishment. It 
supplies a maximum of 2,000,000 gallons of 
water (half of which is treated) per day. The 
source of the supply is Loch Shurrery, 
7 miles inland from Dounreay. Loch 
Shurrery flows into Forss Water, which has 
valuable salmon fishings at its estuary, and 
the dam which is being built across the outlet 
from the loch incorporates a fish ladder. To 
provide the necessary storage, the level of:the 
loch is being raised 4ft 6in by a mass concrete 
dam nearly 1500ft long, having an overflow 
spillway 350ft long. At each end of the 
spillway are intakes protected by wire mesh 
screens to exclude fish and floating vegeta- 
tion, and the intakes are connected to each 
other and the pipeline by an 18in diameter 
tunnel formed in the concrete of the spillway. 
From the dam the water flows in a 16in 
diameter bitumen-protected steel pipe to 
Shebster, 2 miles from Dounreay, where part 
of it flows into one side of a 500,000-gallon 
covered concrete reservoir and thence in a 
12in diameter steel pipe down to Dounreay. 
A branch from the 16in pipeline just before 
the reservoir admits water to two vertical 
flow hopper bottom sedimentation tanks, 
where it is treated with chemical flocculants. 
Then the water flows through four pressure 
filters-and after pH correction, stabilisation, 
and chlorination it is passed into the other 
half of the reservoir, whence the treated 
water is carried by a second 12in diameter 
pipe to the factory site. 

Sea Water Pump House.—A sea water pump 
house with intake channel is being built to 
provide cooling water for removal of the 
surplus heat generated by the fast reactor. 
The pump house is situated on the foreshore 
behind a low rock barrier, and consists of a 
cellular reinforced concrete building 60ft 
square and over 80ft high, housing pumps 
capable of circulating some 50,000,000 gallons 
of water per day. The lower part of the 
pump house consists of a stilling chamber 
fitted with coarse and fine screens. This 
chamber is connected to the open sea by a 
zigzag channel 400ft long, 20ft wide and an 
average of 25ft deep, which terminates 150ft 
beyond low water mark in some 20ft of water. 
Water is pumped to the heat exchanger 
building through two 39in diameter steel 
pipes and is then discharged out to sea by 
two pipes with a submerged outfall, whereby 
the cooling system is partly syphonic. 

Sir William Halcrow and Partners are the 
consulting engineers for the scheme, which is 
being built by Whatlings, Ltd. 

CONTRACTORS 

The main contractors concerned with the 

Dounreay establishment are listed herewith. 


Civil gi” hee Premgy building and civil engineering work, 
Whatlings, Ltd.; or fabrication and erection of sphere, 
sealed steel tothe an airlock tunnel in sphere, supply, delivery 
and erection of personnel and emergency access doors, airlock 
doors, Motherwell Bridge and Engineering Company, Ltd.; 
supply, fabrication and erection of structural steelwork, Alex. 
Findlay and Co., Ltd.; exploratory blasting, construction of 
new loch outfall and water supply from Loch Saorach, &c., 
Alex. Sutherland, Ltd. recast floors and roofs, G. W. Bruce, 
Ltd. ; sluice gate fame, . E. Farrer, Ltd. ; stop gates for sea 
water intake channel, P. and W. MacLeilan, Ltd. ; vertical 

di with cement pheet, of various " puildings, 
Manchester Slate Company, Ltd. ; steel roof decki Ss bitu- 
minous felt roofing, various ee Ruberoid, Lt 
building for criticality laboratory, Taylor Woodrow *puilding 
Expos). Ltd. ; reinforced concrete ventilation shaft, Tileman 
an 

Mechanical wre = —Installation of process pipework, 
T. W. Ward, Ltd. ; » procurement, internal erection and 
supervision on D lead Wrightson Le gp Ltd., and 
Head Wrightson and Co., Ltd. ; steam main, mpressed air 
main and condensate runs, 5 a. Matthew Hall, in Li. heat 

exchangers, associated steam water equipment, Jo! Thomp- 
son Water Tube Boilers, Ltd. ; boiler plant and oil fuel Le 
equipment, Daniel Adamson ’and Co. ducting, 
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extraction fans, also ventilation equipment for DMTR, 
Andrew Machine Construction Company, Ltd.; sea water 
screens, F. W. Brackett and Co., Ltd. ; electric cranes in diesel 
generating house, Butter Bros. and Co., Ltd. ; diesel generating 
plant, Crossley Brothers, Ltd. ; th and acoustic lining to 
sealed steel building, Dastiagkes Insulation Company, Ltd. ; 
diesel fuel oil storage plant, R. and J. Dempster, Ltd. ; electro- 
magnetic pumps, English Electric Company, Ltd. ; electrically- 
fo valves, Glenfield and Kennedy, Ltd. ; sea "water pumps, 
wynnes Pumps, Ltd. ; vault insulation equipment and ducting, 
ks, International 


Hargreaves and Sons, Ltd.; transit 
30-ton overhead 


Coobetion (Nuclear Puen We Ltd. ; 
crane, prototype reactor, Paterson Hughes Eng. Company, Ltd. ; 
dust extraction, washing and drying “|: Power Gas Corpora- 
tion, Ltd. ; slave manipulators, Pye, Ltd., and Savage and 
Parsons, Ltd. ; mechanism for airlock doors in sphere, &c., 
and f h td.; air and nitrogen ducts and de- 
humidification rom for sphere, Thermotank, Ltd. ; dust extrac- 
tion plant, P. M. Walker and Co. (Halifax), Ltd. : supply and 
— - two 25-ton cranes, Wharton Crane pal Hoist Com- 
y, t 
Electrical Engineering.—Installation of electrical services, 
James Scott and Co., Ltd. ; motor alternator frequency change- 
over, Brush Electrical Engineering Company, Ltd. ; installation, 
testing, calibration and commissioning of instrument panels, 
Costain-John Brown, Ltd. ; level transmitters and indicators, 
Evershed and Vignoles, Lid. motor alternators, Laurence 
se I and Electromotors, Ltd. mass spectrometer and h.f. 
et Vickers Electrical Company, 
laa: s "t. switchgear, rey Reyrolle and Co., Ltd. ; installation of 
control rod position indicators, Simmonds ‘Aerocessories, Ltd. 
furnaces and turbo-alternators, General Electric Company, Ltd. 
ee for diesel generating plant, Bruce Peebles and Co. 
t 
The main turbine consultants are Ewbark and Partners, Ltd. 











The University and the Technologist 
(Contributed) 


AT a time when much is being said and 
written on the subject of the recruitment 
of scientists and engineers by the engineering 
industry, it is interesting—and may be 
profitable—to bear in mind the observations 
of certain outstanding research men, both 
ancient and modern. Not long ago an 
eminent American research engineer—C. F. 
Kettering—stressed the need to impress upon 
the mind of the engineering student that 
“everything is not in the books.” If, he 
said, we fail to do this, sooner or later the 
student will say “ There is no sense trying 
this experiment because page 284 of this book 
says it won’t work.” In another place 
Kettering remarks that ‘“‘an inventor is 
simply a fellow who doesn’t take his educa- 
tion too seriously.” Active 400 years 
before Kettering was Paracelsus, who, after 
burning the works of Galen and Avicenna in 
public, remarked—with somewhat un- 
scholarly contempt—that “All the uni- 
versities have less experience than my 
beard.” Certainly the professor of science 
and technology has more reason than ever 
before to bear in mind the warning uttered by 
Lord Bacon in that place where he insists 
that studies must be perfected by experience. 
** Studies,’ he writes, “do give forth direc- 
tions too much at large, except they be 
bounded by experience.” A great deal has 
been written—and continues to be written— 
in support of the method of training within 
industry. This, we may note, was the line 
followed by Paracelsus, who, a_ research 
student par excellence, worked for some time 
in the Tyrolean mines of the Fuggers of 
Augsburg with results of extreme value to 
pharmaceutical science. Paracelsus was a 
Swiss, and in no other country has the need 
for collaboration between technical schools 
and industry been more clearly recognised or 
more effectually built into the national 
system of technical education. It is also true 
that the Swiss engineering industry benefits 
greatly not only from the educational system 
operating within the Confederation, but 
from the discipline and orderliness inculcated 
by compulsory military service carried out 
under conditions truly democratic. Very 
frequently the Swiss erector, having attended 
secondary school, has had as much as nine 
years’ schooling to say nothing of technical 
education acquired at professional schools 
during his apprenticeship. Nowhere else 
has it been better understood that in the 
education of engineers studies must be 
bounded by experience. 

It has been affirmed by educationists from 
Confucius down to George Saintsbury that 
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a considerable percentage of the people 
belonging to all sections of society cannot 
be truly educated. Indeed, much time and 
money is wasted in the vain effort to stimu- 
late intellectual faculties in minds wherein 
they can never flourish. Very few, however, 
are the people who lack both intellectual 
capacity and the potentiality of becoming 
craftsmen of one sort or another, nor was 
there ever a time when craftsmen were of 
greater value to the community, held in 
higher esteem, or better remunerated for 
their work. We can claim for the British 
Isles that it was here (in Glasgow) that the 
technical education of workmen received, at 
the hands of John Anderson, its first major 
impulse. It is indeed on record that the dis- 
tinguished French engineer and mathe- 
matician, Charles Dupin, inquiring during 
the early years of the nineteenth century into 
the commercial prosperity of Great Britain, 
was deeply impressed by the institutions for 
the instruction of workmen which he found 
in Glasgow. These were the earliest insti- 
tutions of the kind and Dupin urged that 
similar schools be set up in France. Again, 
in the past history of engineering science 
some of the most momentous steps have been 
taken by men who had never received what is 
called a technical education. An instance is 
provided by that inspired ironmonger Thomas 
Newcomen, and following him were such as 
Richard Arkwright (a barber) and Michael 
Faraday (a bookbinder’s apprentice). These, 
along with many others, have not only 
influenced the history of science and tech- 
nology but the fortunes of mankind. Among 
them was a police court clerk (Sydney 
Gilchrist Thomas), who, in his spare time, 
solved the problem of removing phosphorus 
from iron in the Bessemer converter. 

Very few of the great inventors were ever 
graduated from a university, and we must 
look, for an explanation of their achieve- 
ments, to innate qualities rendered perfect by 
labour. Such men are not to be produced 
by a three-year engineering course and we 
have no gamma-rays or other means capable 
of verifying the intellectual quality of candi- 
dates for advanced scientific education. Let 
us not forget the remark of Linnaeus that 
‘*A professor can never better distinguish 
himself in his work than by encouraging a 
clever pupil, for the true discoverers are 
among them as comets amongst the stars.” 
History demonstrates that momentous 
advances in science and technology are not 
necessarily hatched in technical high schools. 
This does not mean that the provision of 
adequate facilities for the training of techno- 
logists is other than imperative, but it is a 
reminder that technical, high schools, while 
they are able to impart knowledge of the 
basic sciences to those capable of assimilating 
it, are unable to create any equivalent to 
that mental power which we call genius. 
Colleges of Advanced Technology can- 
not—as was lately pointed out by the 
professor of thermodynamics in the Uni- 
versity of Oxford—be created simply by 
decree. Their value must depend not only 
upon the calibre of the teaching staff but 
on the success attained in the selection, as 
entrants, of young men possessing the mental 
qualities requisite in a technologist. There 
is no reason for supposing that the constant 
change which has been a condition applying 
to the technological history of the twentieth 
century will be any less marked in the 
twenty-first. This should be a _ prospect 
stimulating to the imaginative faculty so 
strongly characteristic of British techno- 
logists who agree, in general, that ““ We do 
but learn to-day what our better advanced 
judgments will unteach tomorrow.” 
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Large Telescopes 


By Dr. R. v. d. R. WOOLLEY 


The James Forrest Lecture was given by the Astronomer Royal, Dr. Woolley, at the 
Institution of Civil Engineers on May 14. Here we print abstracts from Dr. 
Woolley’s lecture, which deal with the engineering problems associated with large 
reflecting telescopes and the uses of these instruments in present-day astronomy. 


MIRROR can be figured and tested 

with an accuracy of a tenth of a wave- 
length of light. But it is far from easy to 
design a mounting which will hold a block of 
glass weighing many tons, and, say, 100in 
in diameter, in any aspect from the zenith to 
the horizon, in such a way that the weight of 
the glass nowhere introduces a flexure exceed- 
ing one wavelength of light—say, a fiftieth 
part of a thousandth of an inch. 

If the mirror was only to point at the 
zenith, it could simply be floated in mercury. 
The upward lift would then be given every- 
where by displacement, and the mirror would 
be subjected to no strain arising from con- 
straint. This simple scheme is obviously 
useless, since the mirror must point its axis 
at objects at all altitudes, and some mechani- 
cal system provided. This must be broken 
down into a system locating the axis of the 
mirror, or back support, and a system locat- 
ing the movement of the mirror in the plane 
normal to the axis, or side support. And 
these two systems must not interfere in the 
sense of the side support contributing a come 
ponent in the direction of back support, or 
vice versa, otherwise the mirror will be con- 
strained and depart from the maker’s figure. 
It will in fact exhibit astigmatism. 

The back support consists in principle of 
three fixed points which locate the back of 
the mirror, but take only a small fraction of 
the weight, and a number of floating or 
counterpoised supports which do nothing to 
locate it. It is most important that this 
system should not be capable of exerting any 
force in the plane normal to the axis, and ball 
bearings are often inserted between the pads 
which actually touch the back of the mirror 
and the tops of the counterpoising levers. 





(Left) The 200in Hale telescope. The main bearings are at upper right and lower left. 


the centre. The observing cage is at the upper left. 


Similarly, the side support system consists 
of fixed or spring-loaded posts locating the 
mirror, and an elaborate counterpoise system 


for taking the component of the weight of 


the mirror normal to the optical axis, and it 
is, Of course, necessary that this system 
should be incapable of exerting any force 
along the direction of the optical axis of the 
telescope. 

A further obstacle to the good performance 
of a large reflecting telescope is the flexure of 
the tube. This will in general result in the 
optical axis of the primary mirror, adjusted 
to pass through an agreed point when the 
telescope is pointed to the zenith, wandering 
from that point when the telescope is pointed 
elsewhere. If the telescope is used at its 
prime focus, if, for example, it is used as a 
simple camera, a plate being exposed towards 
the primary mirror with no intervening 
optics, flexure merely moves the position of 
the optical axis relative to the plate-holder. 

The field of good definition of a parabolic 
reflector is very small and one method of 
improving this field is the use of a correcting 
lens before the plate. But this lens must be 
accurately centred on the optic axis of the 
primary mirror, usually within one or two 
hundredths of an inch: so that excessive 
flexure prevents the successful use of a cor- 
recting lens. Again, the telescope is often 
used in what is called the Cassegrain form : 
in this the converging beam from the primary 
mirror is intercepted by a convex secondary 
mirror, and thrown to a focus at a point 
behind the primary mirror, which is pierced 
for this purpose. In this arrangement it is 
necessary that the two mirrors should be 
collimated, that is to say that the axis of the 
primary mirror should pass through the 
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74in telescope at Mount Stromlo, Canberra, Australia 


centre of the secondary and, further, that the 
axis of the secondary should point back to 
the centre of the primary. Collimation can 
be brought about. by careful adjustment of 
the telescope in a particular position, but it 
clearly cannot be maintained if the tube flexes 
seriously. 

Flexure was formerly combated simply by 
bracing the tube. Let us look at the 
illustration of the Australian 74in telescope. 
The tube is well braced. An improved 
system is that used in the two great Cali- 
fornian telescopes. The next illustration 
shows the giant 200in telescope on Mount 
Palomar. ; 

The primary mirror is slung below the 
tube on one structure and the head containing 
either the prime focus and correcting lens 











The cell of the 200in parabolic mirror is below and to the right of 
The 5ft diameter cylinder may’ be seen inside the cage ; the observer sits inside this cylinder, at the 
principal: focus, to expose photograhic plates. (Right). Isaac Newton, 100in telescape to be erected at. Hurstmonceaux 
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or the secondary mirror is held above the 
tube by another structure, and the strengths 
of these two units have been chosen so that 
they flex by just the same amount. Hence the 
normal to the primary mirror passes through 
a fixed point in the hgad—a condition actually 
achieved in the 200in telescope with great 
success. 

The illustration (herewith) shows the astron- 
omer observing atthe prime focus of the 200in 
telescope. The obstruction offered by his 
body is a small matter in a surface with a 
diameter of 200in, and the observer sits in a 
cage carried by the telescope. At the bottom 
of the telescope tube the 200in mirror itself 
can be seen, somewhat reduced in apparent 
size by perspective. 


RESEARCH WITH LARGE TELESCOPES 


Why do astronomers want very large 
telescopes ? The answer has already been 
given briefly—it is to collect enough light 
from a faint object to be able to subject it to 
analysis. It is not possible to go further 
than this without bringing in the idea of 
stellar magnitudes. The Greeks classified the 
stars into six magnitudes, of which the 
brightest were of the first magnitude, and 
the faintest visible to the naked eye were the 
sixth, About a hundred years ago it was 
discovered that the scale was approximately 
a logarithmic one, and also that the light ratio 
of a first magnitude star to a sixth magnitude 
star is about one hundred to one, and, as a 
result of this, a modern magnitude scale was 
devised in which the magnitude is actually a 
constant minus two-fifths of the logarithm 
of the amount of light received. This is the 
apparent magnitude. In addition, astrono- 
mers employ the concept of absolute mag- 
nitude—the magnitude which a star would 
appear to us to have if it were a standard 
distance of thirty-two light years away from 
the sun. Of course, the sun is much closer 
to us than the stars are, and therefore appears 
bright: its apparent magnitude is —26; 
but it is not in itself a particularly luminous 
object, and its absolute magnitude is +5. 
If it were at the standard distance from us it 
would be only just comfortably visible to the 
naked eye. 

Now we are interested in surveying the 
galaxy as a whole, that is, the entire Milky 
Way system, and we are interested in survey- 
ing galaxies other than our own, such as the 
Magellanic Clouds and the Andromeda 
Spiral Nebula. But the centre of our own 
galaxy is 9000 parsecs from here (1 parsec 
equals three and a quarter light years or 
3x10'%cm), and the Andromeda nebula 
is several million parsecs away. A star just 
like the sun, situated as far off as the centre 
of our galaxy, would have an apparent 
magnitude of +20, and a star just like the 
sun in the Andromeda nebula would have an 
apparent magnitude of +28. 

Now our powers of observing very faint 
stars are severely limited. Even the 200in 
telescope of Mount Palomar will only go to 
the eighth magnitude for first-class stellar 
spectra, to the twelfth for reliable radial 
velocities, and to the eighteenth for spectra 
of the smallest dispersion that is of much use. 
For the detection of mere presence or absence 
of stars on fast photographic plates with all- 
night exposures, the 200in telescope will 
only go to the twenty-fourth magnitude. We 
therefore know practically nothing about 
stars as bright as our own sun at the centre 
of our own galaxy, and absolutely nothing 
about such stars in our nearest neighbour. 
We do study individual stars in the Andro- 
meda nebula, but they are stars intrinsically 
far brighter than the sun, in fact, blue or red 
giant stars, It is for this reason that in the 
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study of the distant parts of our own galaxy, 
and more so of neighbouring galaxies, we are 
severely restricted by aperture, and if it were 
not for engineering difficulties, and financial 
ones, astronomers would certainly want a 
1000in telescope. Even a new 200in telescope 
would cost what is to astronomers an impos- 
sible sum, say, £3,000,000. 

What do we find out when we observe our 
galaxy and its neighbours ? We see that the 
galaxies consist of stars, and of dust and 
of gas. Only about half of the matter in 
the Universe is at present collected into stars, 
and we are at the moment very interested 
in the question whether the stars are all very 
old, or whether some of them are now being 
formed by the collection or settling of great 
clouds of dust and gas. This and other topics 
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lead us into attempts to understand the 
dynamics of galaxies by studies of densities 
and motions, and attempts to understand the 
inner structure of a star. This latter attempt 
might seem a hopeless business, but has not 
turned out to be so, and astronomers follow- 
ing the first really successful attempts to 
understand stellar structure, which were made 
by the great English astronomer of the first 
half of this century, Sir Arthur Eddington, 
are now building up a body of doctrine in 
which it is possible to have some confidence, 
and which leads to the result that stars have 
very high temperatures and pressures at 
their centres, which are the seats of intense 
nuclear reactions. Indeed, we owe the heat 
and light which we derive in one way or 
another from the sun to the fact that there 
is at its centre a non-stop atom bomb. 
Modern astrophysics is in this way closely 
associated with nuclear physics. 


THE ISAAC NEWTON TELESCOPE 


Now it is quite wrong to suppose that all 
the astronomical data which remain to be 
collected can only be secured with the help 
of very large telescopes, or can even be most 
conveniently obtained with the giant instru- 
ments. There is still a great deal for the 
comparatively modest telescope to do, and 
still a great body of information, vital for a 
fuller understanding of the physics and 
dynamics of the galaxy, that is actually more 
conveniently observed with a middling tele- 
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scope (say, of 20in to 30in aperture) than 
with a large one (100in or more), Neverthe- 
less, nearly all the most exciting discoveries 
that have been made in the last quarter of a 
century have been those made with the giant 
telescopes, and these have made California 
the centre of the world of astrophysical 
observation. As long as this remains so, as 
long, at any rate, as the advanced thinkers in 
this country feel that there is little observation 
that they can do in this island, there is some 
tendency for our university men to become 
theorists with their eyes on California, and 
somewhat divorced from real contact with 
astronomy. The strictly professional work 
that Greenwich carries out with its modest 
telescopes, even if this work directly related 
to the dynamics of the galaxy, lacks the 
glamour of the remote galaxies and the 200in 
telescope. Further, if any Englishman 
wishes to become an observing astronomer 
and secures a Fellowship which takes him to 
California, he finds that he has acquired no 
training at all in the art of exploiting the 
powers of a big telescope. Usually he 
flounders, or relapses into speculations. 
With these considerations in mind, a 
number of English astronomers met some 
years ago and launched a project for building 
a 100in telescope in England, and obtained 
in principle Government approval for financ- 
ing the telescope, which will be called the 
Isaac Newton telescope, and will be situated 
at Hurstmonceaux. The diagram opposite 
illustrates its general configuration. It is, 
alas, quite certain that this telescope cannot 
be completed before 1962 at the earliest, but it 
is intended to make it a really well engineered 
telescope. The sky at Hurstmonceaux is, 
as England goes, remarkably good, and the 
telescope will be available to suitably qualified 
observers from all over Britain. It is hoped 
that the Isaac Newton telescope will do much 
to promote a vigorous resurgence of interest 
in the practical as well as the theoretical 
problems of astronomy in this country. 





Educating Engineering Designers 

A REPORT on the technical education of 
engineering designers has been issued by the 
Institution of Engineering Designers. It has 
been prepared by a committee appointed by 
the Institution and makes various recom- 
mendations for short and long-term researches 
into education for engineering design. Much 
of the report is taken up with a survey of the 
present system of technical education in 
industry, and at the same time there are 
suggestions as to how the emphasis on 
various subjects needs to be changed to meet 
the particular requirements of potential 
engineering designers. 

The committee recommends that, if the 
** product ” of a five-year apprenticeship is 
to be an engineering designer, the present 
first and second year syllabus appropriate to 
engineers should be condensed to not more 
than one year at the expense of the attain- 
ment of mechanical skill. The present fifth 
year syllabus appropriate to engineers, it is 
urged, should be replaced by a compre- 
hensive “design phase” of two years’ 
duration with planned excursions into de- 
velopment and research departments as well 
as factory shops and testing departments. 
The report goes on to comment on the fact 
that slightly modified apprenticeships pro- 
viding for design and drawing-office grades 
are already being conducted, to some extent, 
in industry. But the committee responsible 
for compiling the report expresses its belief 
that “‘ the general introduction of a five-year 
apprenticeship for technical grades in design 
and drawing-offices would be expedient.” 
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Compaction of Concrete by Vibration 


By J. M. PLOWMAN, B.Sc., Ph.D., A.C.G.L, D.LC., A.M.I.C.E.L. 


In a previous article the author described the use of Rochelle salt crystal accelero- 


meters for determining the behaviour of concrete whilst undergoing vibration. 


The 


variation of acceleration with time at various points of the concrete cross section 

was shown graphically and assumed contours drawn for a rectangular cross section. 

Further work has been carried out in this field, both with table and shutter 
vibrators, and is continuing with poker vibrators. 


ONTINUATION of the work described 

in an article in THE ENGINEER of 
February 26, 1954, is explained here. A 
second type of accelerometer* has been used 
for some of the tests, consisting of a barium 
titanate polarised disc clamped between the 
accelerometer body and a brass weight by 
means of a spring. The electrical potential 
between the two opposite faces of the barium 
titanate disc (Fig. 2), depends upon the com- 
pressive force applied and this is directly 
proportional to the vibrational acceleration 
acting on the brass weight according to the 
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Fig. 1—Assumed contours 











relationship : Force oc mass x acceleration. 
The accelerometer bodies were made of 
aluminium as for the Rochelle salt instru- 
ments, the whele accelerometer being of 
similar density to that of fresh concrete and 
as small as possible. As for the earlier 
design, the accelerometers were made water- 
tight and connected to the integrator unit 
by a junction selector switch and special 
coated coaxial cable, the signal from the 
integrator unit being transmitted to the 
oscillograph plates by similar cable. 

These accelerometers are more reliable 





A—Screwed cap. D—Brass weight. 
B—Paper insulation. £—Barium titanate disc. 
C—Coil spring. F—Accelerometer body. 


Fig. 2—Type II accelerometer (barium titanate) 


than the earlier ones, having the great 
advantage that there is no low limit to the 
acceleration they can stand, the earlier kind 
being limited to accelerations not greater 
than 10g if mechanical fatigue damage to the 


* “ Recent Research on the Vibration of Concrete,’’ Reinforced 
Concrete Review, Vol. IV., No. 3, 1956. 





crystals is to be avoided. The accelerometers 
were calibrated by clamping to a small 
vibrating table and noting table amplitudes 
(by means of an optical lever) and corre- 
sponding oscillograph trace deflections. From 
these a relationship between applied accelera- 
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Fig. 3—Vertical contours of acceleration for two 
depths of concrete in a 12in square column on a vibrating 


tion and potential output was obtained, this 
being linear. In the previous work reported, 
insufficient accelerometers were available to 
give a clear indication of the distribution of 
acceleration contours within a block of 
concrete. The new accelerometers made 
possible a series of 
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Fig. 6—Distribution of horizontal acceleration for 
timber beam mould after the passage of time 


ie. parallel to the direction of the applied 


vibration. Results for two depths of con- 
crete are plotted for differing applied 
accelerations. Fig. 4 shows contours of 


equal acceleration through the mass of a 
column with a low value of applied accelera- 
tion. The two curves plotted for each con- 
tour value (full and broken lines) refer to two 
vertical planes at right angles, thus giving a 
three-dimensional picture of the vibration. 
Fig. 5 shows a similar set of contours for a 
higher column subjected to five times the 
acceleration. In both illustrations the circles 
represent the position of accelerometers, the 
average accelerations of which are noted 
within the circle. The two planes are differ- 
entiated by one set of values having single- 
line circles and the other double-line circles. 
The contours show very good agreement 
between the two planes, confirming the 
assumption made in Fig. 1. The concrete 
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tests to confirm the 
assumed distribution, 
reprinted as Fig. 1. 

The first of these 
tests were carried out 
using a stiff wooden 
mould, 12in by 12in in 
cross section and 54in 
in height, firmly se- 
cured on a vibrating 
table, with differing 
depths of concrete. 
Accelerometers were 
placed at 6in vertical 
intervals :—(a) On the 
vertical centre line of 
the mould, (5) on the 
vertical centre lines of 
each side lin from the 
mould side. The ac- 
curate position of each 
accelerometer was ob- 
tained after each test 
by careful removal of 
the concrete covering 
it and measurement 
from the base. 

‘Fig. 3 shows vertical 
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Fig. 4—Contours for vertical accelera- Fig. 5—Contours for vertical 
tion in a column (all values in g) 


ae 
gor 60 
ial 
(} em. | 
2 ani 
ig 
Table | 4:0 


accelera- 
tion in a tall column (all values in g) 








May 31, 1957 


in the centre at any horizontal section has a 
considerably smaller acceleration than that 
at the sides, the latter having the frictional 
‘orce of the mould sides (stiff and firmly 
‘ixed to the table and hence moving with the 
same acceleration) added to the force trans- 
mitted through the lower layers of concrete. 
in both cases the lower third of the concrete 
vibrated at a higher acceleration than that 
applied by the table causing a considerable 
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Fig. 7—Variation of acceleration for timber mould 
for two values of applied force 


increase of pressure in the concrete when 
table and concrete approached the lower 
limit of the vibration cycle with reduced 
pressure at the upper limit. It is this varia- 
tion of pressure which causes the sucking in 
of air at mould joints and the expulsion of 
grout half a cycle later. The undesirable 
nature of the resulting honeycombed con- 
crete has been referred to before and is well 
known. 

The concrete used had the following mix 
proportions: Portland cement 1 part by 
weight : sand 2: #in.-~;in aggregate 4/3 : 
din-#in aggregate 8/3. W/C0-45. 

Shutter vibrators are frequently employed 
for the compaction of concrete in columns 
and beams. Preliminary tests on these 
types of structural elements have made use of 
an electro-magnetic vibrating unit locked by 
a quick-release attachment on a spigot per- 
manently connected to the mould side. These 
units have two advantages over the normal 
rotating eccentric, in that their vibration is 
unidirectional and their output may be con- 
trolled by a variable transformer whilst they 
are running. Early beam tests consisted 
in mounting one of these units on the side of 
a timber beam mould, 72in long by 12in by 
44in wide, constructed of 14in planks firmly 
connected to the base and ends. The 
accelerometers were mounted directly at 
half depth to the opposite side for con- 
venience, since experience indicated that there 
would be little or no loss of acceleration 
between the sides and the adjacent concrete. 
The degree of acceleration at various points 
along the beam was obtained for different 
values of power input and at different stages 
in the compaction of the concrete. Figs. 6 
and 7 show typical relationships. It will be 
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seen from Fig. 6 that the acceleration de- 
creases rapidly with distance from the 
vibrator and that for constant power input 
the acceleration increases with time. This 
is because the power requirements of a mass 
of concrete are large at first, decreasing as 
compaction takes place. 

It will also be seen that with all power 
inputs there is a lower value of acceleration 
near the point of application of vibration 
than at points further away. This is typical 
of long, narrow section moulds with vibration 
applied over a small part of the length. 
Fig. 8 shows similar values for a steel fabri- 
cated mould 10ft 6in long with 6in by 3in 
channel sides bolted to 24in base plates 
5ft 3in long. 

The mould was supported at the ends and 
vibrated vertically at the centre by a shutter 
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Fig. 9—Horizontal contours on mould side at right 
angles to direction of applied vibration (all values in g) 





unit. A low value of acceleration again may 
be seen midway between the support and the 
vibrator, but the halves are not symmetrical 
in vibration pattern. This is presumably due 
to differences in stiffness due to lack of 
rigidity in the bolted joints between the two 
steel base plates and the mould sides. The 
position of the supports influences the 
magnitude, but not apparently the position 
of the low acceleration point. 
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Fig. 8—Distribution of vertical acceleration for steel fabricated beam mould 
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An electro-magnetic vibrator was used 
on the column mould described earlier in the 
tests on the vibrating table. The unit was 
mounted 30in from the base at the midpoint 
of one side and acceleration measurements 
were made on the sides in a horizontal plane 
and at various depths in the centre of the 
concrete in the vertical plane. Figs. 9 and 10 
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Fig. 10—Distribution of acceleration for side carrying 
a vibrator and opposite side 


show the variation of acceleration at differing 
points on the mould and within the concrete. 
Fig. 9 relates to a side adjacent to that with 
the vibrating unit attached and it will be 
seen that the maximum acceleration occurs 
nearest the axis of the vibrator, the contours 
being uniform about this axis. It should be 
borne in mind that these accelerations are 
measured at right angles to the actual 
direction of the vibration applied by the 
vibrator. Fig. 10 shows values of acceleration 
on the centre lines of the side with the 
vibrator and of that opposite. From these it 
will be seen that the acceleration decreases 
rapidly with vertical distance from the 
vibrator for the first side and that it is 
virtually constant for the opposite side. 
Again remembering that the vertical axis is 
at right angles to the axis of applied vibra- 
tion, the vertical distribution in the centre 





8 


Inches Above Base 
8 
7 


10r 











See ae PP 
Gi G3 GS 
Acceleration — g 


Fig. 11—Distribution of vertical acceleration in the 
centre of a mould using a shutter vibrator 


of the concrete follows a similar distribution 
to that noted for vertical vibration on the 
table with the maximum occurring at one- 
third height, i.e. below the level of the applied 
vibration (Fig. 11). 

The point of great interest arising from 
these results is that when unidirectional 
vibration is applied to a mass of concrete 
there are set up vibrations along planes at 
right angles to the original vibration having 
accelerations equal to approximately one- 
sixth of the originating acceleration. This 
has been noted also for concrete compacted 
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on a vibrating table. Concrete proportions 
were : by weight Portland cement | part : 
sand 2 : gin—in aggregate | : jin—jin aggre- 
gate 4. W/C 0-45. 

In tests with the beam and column moulds 
using the electro-magnetic shutter vibrators 
the applied accelerations were maintained 
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Fig. 12—Distribution of horizontal acceleration in a 

beam mould using an immersion vibrator 


low to obviate the tendency, inherent in all 
bolted composite moulds, to produce har- 
monics at high accelerations. These harmonics 
render the accurate reading of the oscillo- 
graph trace very difficult. It is considered 
that the contours, &c., thus obtained for 


low accelerations will hold true for higher 
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values as in the cases where a vibrating table 
was used (Figs. 4 and 5). 

Using a small electrically-driven poker 
vibrator with a frequency of approximately 
8000 vibrations per minute, immersed 12in 
from one end of a wooden mould, 10}in 
wide by 13in deep by 6ft long, horizontal 
accelerations were measured at depths of 
6in along both sides of the axis of the mould. 
Average results are plotted in Fig. 12, from 
which it may be seen that the acceleration in 
the concrete decreases linearly with distance 
from the vibrator. In this instance accelera- 
tions were small and the pattern may differ 
slightly for poker vibrators having larger 
outputs. 

Some of the results and conclusions 
reported here are from preliminary tests and 
may be modified in the light of further work. 
The author has included them, however, in 
the belief that they may prove of use to other 
engineers until the series of tests is completed 
within a year or two. The author would like 
to thank for their co-operation in some of 
the tests Messrs. D. J. French and D. A. 
Bowler. 


Inside the Fence 


By A BARRISTER-AT-LAW 


HE Factories Act and the Regulations 

made under it sometimes work in strange 
ways, not always within the intentions of 
those who draft them. An employer engages, 
perhaps, the best brains of his factory on 
safety precautions, and buys from only the 
highest quality producers of machinery and 
machine tools, in an effort to devise 
machinery for his workers which will not 
only comply with the statutory regulations, 
but will also provide the maximum possible 
protection from accident. 

The unexpected, almost the impossible 
happens : the employee commits some mis- 
take at his work, and manages to put his hand 
behind a foolproof guard, either in ignorance 
of the danger he is running, through careless- 
ness, or sometimes even as a deliberate 
means of doing his employer’s work more 
quickly or with less trouble. Despite all the 
elaborate safety guards and precautions of 
all the supervisory staff, there is an accident 
and the employee is injured. 

The employer, for all his care, may then 
still find himself faced with a claim from the 
employee for compensation for the injury if 
there has been slackness in supervision, care- 
lessness from a fellow-employee, or a tech- 
nical breach of the regulations. Further, 
whether the employer is a good employer with 
the highest standards or not, he may also find 
himself in the company of less careful 
employers and even deliberate law-breakers, 
the subject of a criminal prosecution if he is 
wrong in his interpretation of the Regula- 
tions. Such a case was recently before the 
High Court. 

A factory worker known in law as a 
“* young person,” a youth of fifteen years of 
age, was employed in a car factory at a hori- 
zontal milling machine. The machine was 
actually being used for horizontal milling, 
so that the Horizontal Milling Regulations 
applied to its operation, and not the more 
general regulations of the Factories Act. 

The machine was equipped with a fence 
composed of vertical rods. The components 
to be milled were mounted by the operator 
on a movable jig, on which they were clamped 
into position. When the machine was set in 
motion the jig moved forward under 


mechanical power, and when the work 
approached to within fin of the cutters the 
cutters were set in motion. The jig 
approached the cutters through a gap in 
the vertical rod fencing, and the jig itself 
completely closed the gap as it moved into 
the forward position, so that the machine 
was in effect completely fenced by the time 
that the cutters were set in motion. 

On a first consideration such a combination 
of fencing and safety devices would appear 
to be almost foolproof, yet there was an 
accident and the operator was injured. He 
apparently placed his hand in some way in 
front of the jig on which he had mounted 
the piece to be milled, and then pressed the 
switch to start the mechanism. His hand 
was pushed forward by the moving jig, inside 
the fence, and he was injured when the cutters 
started to revolve automatically on the 
approach of the jig. 

When such an accident as this occurs it 
gives rise to two principal questions in law. 
The first question, the one which usually 
reaches the higher courts of this country, 
is whether or not the employer is liable to 
the employee for compensation. If the 
cause of the accident was a breach of the 
Factories Act requirements, or of any of the 
regulations made under that Act, then. the 
employer is liable to compensate the employee 
for the injury. 

The employer is also liable to compensate 
the employee if the accident is attributable 
wholly or in part to carelessness or neglect 
by the employer or by any of the supervisory 
staff of all the normal duties of care owed 
to the person injured. A neglect of the 
employer of elementary safety precautions 
will render him liable for the accident, even 
though he has not contravened any specific 
provision of the Factories Act or any statu- 
tory regulation. Again, the accident may be 
due to carelessness of a fellow-employee, 
and for this the employer is to-day liable 
just as if the fault lay with the supervisory 
staff, or the manager or owner himself. 
These are the usual questions which arise 
from an industrial accident. 

It is sometimes overlooked, however, that 
an employer who fails to comply with the 


May 31, 1957 


provisions of the Factories Act is also com- 
mitting a criminal offence, and is liable to 
be prosecuted whether or not an accident 
occurs which draws attention to the omission. 
In the case here under discussion the point 
which reached the High Court for decision 
was the question of the liability of this 
employer under the criminal law. He was 
prosecuted before the local magistrates for 
failing to comply with the Horizontal Milling 
Machine Regulations and convicted. There 
was an appeal to quarter sessions, and from 
there a case was stated for the opinion of the 
High Court. 

The point at issue was, as may be supposed, 
highly technical yet basically quite simple ; 
similar points are of frequent occurrence in 
the work of construing statutory regulations. 
One clause of the regulations requires a 
machine to be fenced with a strong and com- 
plete guard. Another clause specifically 
states that the guard must be in position 
during the whole time that the machine is in 
motion. Are the two clauses to be read 
separately, so that an offence is committed 
if, as in this case, the guard is not always 
complete around the machine ? Alterna- 
tively, are the two clauses to be read together, 
so that they require the fencing to be com- 
plete only during the time that the machine 
is in motion ? 

That was the basic question at issue in 
this case. The exact wording of the two 
clauses in the regulations may assist in 
considering the problem. The Horizontal 
Milling Machine Regulations, 1928, Regula- 
tion 3 (i) provide: “* The cutters of every 
horizontal milling machine shall be fenced 
by a strong guard, properly adjusted to the 
work, which shall enclose the whole cutting 
surface except such part as is necessarily 
exposed by the milling operations.” Regula- 
tion 6 provides: ‘The guards or other 
appliances required by these regulations 
shall be maintained in an efficient state and 
shall be constantly kept in position while the 
milling cutter is in motion, except when the 
tool setter is setting up the machine.” 

In cases where there are two possible 
interpretations of Sections of an Act of 
Parliament, or statutory regulations, it is 
sometimes helpful to look to the general 
objects of the Act or regulations, but such an 
approach does not assist much here. It is 
conceded that the object is to render machines 
safe and, apart from such an accident as 
actually occurred to the fifteen-year-old 
boy in this case, either construction of the 
regulations appears adequate to ensure the 
safety of the machine. There was no ques- 
tion of the employer’s wilful avoidance 
either of the regulations or of his obligations 
to look to the safety of the operator ; an 
accident had happened, and for obvious 
reasons the factory inspectors wished to get 
a court ruling on whether or not machines 
fenced in this way complied with the existing 
regulations. 

The local justices, as already mentioned, 
were of the opinion that an offence had been 
committeed. The High Court, however, 
sitting as a Divisional Court of three judges, 
decided unanimously that the conviction 
must be quashed. 

In the course of his judgment the Lord 
Chief Justice, one of the three judges before 
whom the case was heard, said that in his 
view Regulations 3 and 6 must be read 
together, so that it was no offence for the 
machine to be inadequately fenced as long 
as it was not running. For these purposes 
the machine would be regarded as running 
only while the cutters were in motion. In 
his view of the regulations they did not 
require complete fencing while the jig was 
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moving forward towards the cutters, but 
only for the whole period during which the 
cutters were a 

Whether or not the employer was guilty 
of a breach of the regulations does not at 
first sight appear, in view of the extreme 
technicality of the point in this case, to offer 
much comfort to the injured workman, or to 
achieve much towards the prevention of 
future accidents. In fact, it seems to do just 
the opposite ; the workman’s case for com- 
pensation against the employer is weakened 
by the decision that there was no breach of 
the regulations, and the task of the factory 
inspector appears to be made more difficult 
by the decision of a court that a machine 
which allows the possibility of this kind 
of accident complies with the statutory 
regulations. 

It certainly appears that the machine 
would be safer if it was designed so that 
there was complete fencing from the moment 
that the jig commenced to move forward, 
and the case may therefore serve to draw 
attention to a necessary amendment to the 
regulations to ensure that the same sort of 
accident will not happen again. 

The publicity given to an accident of this 
kind should achieve more, however, than 
merely to draw the attention of the authorities 
to a possible need for an amendment to the 
regulations. Every employer is not only 
under a duty to observe the Factories Act 
requirements, and comply with any statutory 
regulations which affect his premises and 
equipment ; he is also under a duty, under 
the older law of the land, to take all reason- 
able steps for the safety of his employees. 

The first time that an unusual accident 
happens in a factory, whether at a machine 
or from carelessness in a method of working, 
the employer is often free from blame because 
he could not reasonably be expected to have 
foreseen what occurred. His duty is to 
guard against only what is reasonably fore- 
seeable. Once, however, a previous accident 
draws attention to the dangerous possibilities 
of a machine, or a situation, or a method of 
working, it is the duty of the employer to 
take all reasonable steps to ensure as far as 
he can that the same accident does not occur 
again. 

It is often pleaded in the courts when 
someone has been accused of carelessness 
that a certain practice has been taking place 
for many years, and such an accident as has 
just occurred has “‘ never happened before.” 
It is not sufficient for an employer to say 
that an accident has never happened before 
if there are obvious dangers in the situ 
ation which ought to have been the 
subject of his attention. The fact that an 
accident has or has not happened before is 
merely relevant to the consideration whether 
or not such an accident was reasonably 
foreseeable. 

It is seldom important to either employer 
or employee, therefore, to decide whether 
or not an accident has ever happened before. 
To both of them, though, it is most important 
to ensure when such an unusual accident as 
the present one occurs, that all reasonable 
steps for the safety of the men are taken 
promptly, so that such an accident never 
happens again. 





PLastics Propucts.—Cylindrical stacking bins, with 
lids, in polythene are being produced by Tool Treat- 
ments (Chemicals), Ltd. In 5 and 10-gallon capa- 
cities, these containers are suitable for holding 
corrosives or for duties such as storing foodstuffs 
involving severe cleaning processes. Rigid high- 
density polythene is used, so that the containers can 
be sterilised in boiling water. The same maker has 
also introduced a thermometer, thé bulb and capillary 
of which are plastics coated, for use in acids and 
similar environments. 
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Iron and Steel Institute 


THE eighty-eighth annual general meeting 
of the Iron and Steel Institute was held, in 
London, on Wednesday and Thursday of last 
week, May 22 and 23. At the opening 
session on Wednesday morning, the retiring 
president, Dr. H. H. Burton, was in the chair. 
The report of the council, which was adopted 
at the meeting, showed that the total member- 
ship of the Institute at the end of 1956 was 
5084, compared with 5002 a year earlier. 


AWARDS AND PRIZES 


The presentation of medals and prizes was 
made, as follows —Bessemer Gold Medal for 
1957, Professor Dr. R. Durrer (Louis de Roll 
Ironworks, Ltd., Gerlafingen) ; Sir Robert 
Hadfield Medal for 1957, Mr. J. Gien 
(Colvilles, Ltd.) ; Andrew Carnegie Silver 
Medal for 1956, Dr. J. Wilcock (Liverpool 
University), for his paper on ‘ Reactions 
Involved in the First-Stage Graphitisaiion of 
Iron-Carbon-Silicon Alloys”; Williams 
Prizes for 1956, Mr. H. H. Ascough (Steel 
Company of Wales, Ltd.), for a paper on 
“Maximum Utilisation and Problems of 
Wide-Strip Rolling and Sheet Finishing 
Equipment” ; and Mr. R. H. Slade (Steel 
Company of Wales, Ltd.) for his paper on 
“* Soaking Pit Practice at the Abbey Works of 
the Steel Company of Wales, Ltd.” ; 
Ablett Prize for 1956, Mr. R. M. L. Elkan 
(Loewy Engineering Company, Ltd.), for 
his paper on “ Modern Forging Presses and 
their Control.” 


PRESIDENTIAL ADDRESS 


Following the presentations, Dr. Burton 
inducted Mr. A. H. Ingen-Housz to the presi- 
dential chair. Mr. Ingen-Housz, who is 
president of the Royal Netherlands Blast 
Furnaces and Steelworks, Ltd., has been a 
member of the Iron and Steel Institute since 
1931, and was elected an honorary vice- 
president in 1953. His election to the presi- 
dential chair was unanimous ; it is the first 
time since 1918 that an overseas member has 
become pres ident. 

After expressing thanks for the honour 
accorded to him by the Institute, Mr. 
Ingen-Housz proceeded to deliver his presi- 
dential address, which was entitled ‘ The 
Birth of an Industry.” The address appro- 
priately described the growth of the steel 
industry in the Netherlands. The iron and 
steel industry in the Netherlands, Mr. Ingen- 
Housz pointed out, was a young industry, 
although in the eighteenth and nineteenth 
centuries there did exist in the eastern part of 
the country a number of small charcoal 
blast-furnaces which made cast iron products, 
using the local bog-ore. Those furnaces, 
however, fell into disuse as iron producers 
when the supplies of charcoal were exhausted, 
although the factories continued to be used as 
iron foundries, using pig iron bought else- 
where. The president went on the say that 
one reason why, even around the middle of 
the nineteenth century, an iron and steel 
industry could not be developed, might be the 
fact that in those days metal working in the 
Netherlands was of relatively small import- 
ance. The impetus for the growth of a metal- 
working industry was largely a consequence 
of changes in ship design, involving the 
building of steel ships, the manufacture of 
ships’ engines, and the construction of 
harbour installations. When the scale of 
metal working began to increase in this way, 
there were already in existence in neighbour- 
ing countries, such as the United Kingdom, 
Belgium, and Germany, flourishing and 
extensive iron and steel industries, which 
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could provide the steel needed by the Nether- 
lands. By the beginning of the twentieth 
century the use of steel in the Netherlands had 
increased to such a degree that the establish- 
ment of a native steel industry became 
possible. Yet the seemingly unassailable 
position of the foreign steel industries, which 
were literally based on the raw materials ore 
and coal, usually caused the vague dream of a 
Dutch steel industry to fade quickly. 

Mr. Ingen-Housz then surveyed the growth 
of the Dutch steel industry, the preparations 
for which began in 1917, and the building 
and development of the Royal Netherlands 
Blast Furnaces and Steel Works at Ijmuiden. 
He commented on the techniques used at 
that plant and ended his address with 
what he aptly described as “‘ a few remarks 
of a more general character.” Mr. Ingen- 
Housz said that in the whole of the iron 
and steel industry’s field of action there 
could be observed an increasing parallelism 
in many different forms of development. 
Politica!, economic, and technical factors 
moved in the same direction. Viewed 
politically, the strong isolation and separation 
of various countries was now slowly becoming 
less marked, as was shown by the creation of 
the Eurcpean Coai and Steel Community 
and, very recently, the Treaty for a European 
Economic Community. So far as the steel 
industry on the Continent of Europe and in 
the United Kingdom was concerned, time 
and again we came across the same problems, 
such as, for example, a fundamental shortage 
of scrap and of coking coal. From a tech- 
nical standpoint, Mr. Ingen-Housz observed, 
the parallelism which had resulted from 
seeking solutions for the same economic 
problems was being still further promoted 
by a fact which had always impressed him 
personally, namely, the great willingness of 
the steel industry to exchange knowledge and 
experience. Technical discoveries and im- 
provements were consequently being spread 
much faster than would otherwise be possible, 
to the great benefit of the industry as a whole. 
Contacts in the field of quality control and of 
research into the many kinds of application 
were continually becoming closer and more 
frequent. The Iron and Steel Institute, he 
added, played an important role in thai 
respect, both by the personal international 
contacts it brought about and by its excellent 
relations with similar institutions in other 
countries. Yet in the field of joint research 
and similar activities he believed that, by 
joining hands internationally, there could be 
promoted a still greater number of facets of 
the development of the steel industry. 


ANNUAL DINNER 


The Institute’s annual dinner was held 
at Grosvenor House on Wednesday evening, 
May 22, and was attended by a numerous 
company of members and their guests. The 
president was in the chair and the principal 
speaker was the Earl of Halsbury, chairman 
of the National Research Development 
Corporation, who proposed the toast of 
“The Iron and Steel Institute.” After a 
response by the president, a toast to the 
guests was proposed by the Hon. R. G. 
Lyttelton and acknowledged by Dr. D. U. 
Stikker, the Netherlands Ambassador. 


PRESENTATION OF PAPERS 


There were three sessions for the discussion 
of papers presented to the Institute. They 
took place on Wednesday afternoon and in 
the morning and afternoon of Thursday, 
May 23. 
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Metallurgical Topics 


Effect of Sulphur in Deoxidised Steel 


SULPHUR in steel is generally accepted as a 
necessary evil. Except when present intentionally 
as an aid to machinability, it is looked upon as 
undesirable, and the specified maximum limit is 
set as low as is commercially practicable. It is 
detrimental to internal cleanliness, to surface 
soundness and resistance to corrosion, and par- 
ticularly to transverse mechanical properties of 
heat-treated bars or forgings. 

In a paper on “ The Need for Less Sulphur in 
Deoxidised Steel,” H. W. McQuaid and N. P. 
Goss* have put forward a strenuous plea for a 
very low sulphur steel (0-02 per cent max.) of 
high-quality and fine grain size for aircraft 
purposes, torsion springs, gears and other highly- 
stressed important parts. 

The beneficial effect of manganese in eliminat- 
ing the dangerous iron sulphide films and 
replacing them by the globular or elongated 
inclusions of manganese sulphide, has long been 
recognised ; but the important adverse effects of 
sulphur when in combination with strong deoxi- 
dation additions, such as aluminium, are not so 
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Fig. 1—Effect of aluminium on the ductility and 
impact value of medium carbon cast steel with 
different sulphur contents (Sims and Dahle) 


widely understood. It is stated that any beneficial 
effect that manganese may have disappears in 
the presence of more than 0-005 per cent of 
aluminium. The action of manganese is in some 
way bound up with the degree of oxidation of the 
steel. Manganese is a relatively poor deoxidiser 
and, in spite of a rather high manganese content, 
much iron oxide can remain in a low carbon, 
high-sulphur steel. Aluminium is a strong 
deoxidiser and less than 0-010 per cent of 
aluminium in the steel will reduce the iron oxide 
in solution almost to zero. It is only after the 
iron oxide has been thus reduced in amount that 
any aluminium added is effective in starting to 
reduce grain size. The first addition of aluminium 
made after the elimination of iron oxide is the 
biggest factor in grain-size control. Coincident- 
ally with the aluminium addition that is required 
for minimum grain size, an intergranular film 
of sulphide is formed. This may be a cause of 
hot-shortness at the forging temperature, but it 
also has other effects which show to the greatest 
degree in the transverse direction, though not 
nearly so strongly in longitudinal test pieces. A 
particularly bad situation arises from the asso- 
ciated ferrite films which form at the primary 
grain boundaries in the microstructure of 
quenched specimens. A fully hardened piece 
would contain sulphide films and grain bound- 
aries of ferrite throughout the martensite with 
the result that, after tempering, the steel would 
have relatively poor transverse properties, espe- 
cially at sub-zero temperatures, and might be 
more sensitive to fatigue and, therefore, unsuit- 





° Metal Progress, March, 1957, page 65. 


able for very highly stressed parts. Further 
addition of aluminium results in a gradual grain 
coarsening effect combined with a gradual change 
in the form of the sulphide from the film type to 
the nodular. 

McQuaid and Goss quote, as an illustration of 
the effect of aluminium, results obtained many 
years ago by C. E. Sims and F, B. Dahle,t 
showing the effect of aluminium on the properties 
of medium carbon steel castings with different 
sulphur contents (Fig. 1). There was a marked 
deterioration in properties of the steel containing 
0-06 per cent of sulphur in the presence of 
0-01 per cent of aluminium. With lower sulphur 
the effect was less in degree and was spread over a 
wider range of aluminium contents, being 
greatest with 0-02 to 0-03 per cent of alumi- 
nium. When the sulphur was below 0-02 per 
cent the adverse effect of aluminium was prac- 
tically eliminated. 

Several examples were given in which nickel- 
chromium-molybdenum and other alloy steels of 
high tensile strength showed important improve- 
ment, especially in transverse properties at sub- 
zero temperatures, when the sulphur content was 
close to 0-010 per cent rather than in the range 
above 0-02 per cent. Sulphur well below 0-020 
per cent results in an improvement in high silicon 
electrical strip steels, especially when they are 
processed into special grades involving grain 
orientation. Low sulphur seems also to have an 
effect on general segregation: in some rolled 
bars it was observed that when the sulphur 
decreased below 0-020 per cent the silicate 
inclusions also decreased to an important degree. 

The call for reduced sulphur content was 
addressed primarily to American manufacturers 
of high-quality steels, who were urged to install 
the special equipment for rapid desulphurisation, 
as is already being done in several steel works in 
Great Britain and on the European continent. 


Cobalt-Tungsten Double Carbide in Hard 
Metals 


A RECENT issue of La Métallurgie, April 1957, 
page 307, contains the report of a lecture by 
Professor René Bernard on “Some Unrecog- 
nised Aspects of the Part Played by Cobalt 
in the Sintering of Hard Metals.” 

“* Hard-metal ” alloys are normally composed 
of tungsten carbide, WC, a solid solution based 
on titanium carbide, TiC, and cobalt as binder. 
Actually these constituents never have a stoi- 
chiometric composition. They generally deviate 
from it by a deficiency in carbon which, if it 
becomes important, causes a fourth phase to 
appear, a double carbide of tungsten and cobalt, 
designated 7, to which is generally attributed the 
formula Co,W;C. The structure of this phase 
has been studied by Westgren, and also by 
Rautala and Norton, who found evidence of the 
existence of two other double carbides, 9 and x, 
of composition Co;W,.C, and CogsW, Cy. There 
is some uncertainty about the nature of the 
double carbides which are formed in the course 
of sintering of alloys of low cobalt content. In 
the simple WC-Co alloys the » phase appears 
only when decarburisation is considerable. It is 
generally small in amount and widely dispersed. 
Over-carburisation leads to the appearance of 
graphite. The effect of variation in degree of 
carburisation on the constitution of the WC-Co 
alloys in the vicinity of the sintering temperature 
is shown in Fig. 1. Departure from the correct 
carbon ratio has a marked effect on the mechani- 
cal properties, particularly hardness and tough- 
ness. Its effect on hardness and resistance to 
bending is shown in Fig. 2. The permissible 
range of carbon content is thus strictly limited, 
and is of the order of 2 per cent in an alloy of 
tungsten carbide with 10 per cent cobalt. 

To obtain satisfactory results it is necessary 
to ensure the absence of precipitated graphite 
and, above all, of the phase. A non-destructive 





+ Trans. Amer. Foundrymen’s Assoc., 1938. 


method of recognising the presence of the 7 phase 
is by the measurement of magnetic susceptibility. 
This decreases in proportion to the percentage 
of metallic cobalt which disappears in forming 
the non-magnetic double carbide, but it gives no 
information about the distribution of the phase, 
nor does it clearly indicate the point at which 
the first crystals of » begin to appear. For this 
purpose metallographic methods are required. 
Graphite is easily recognised in the polished 
specimen, but identification of the 7 phase is 
more difficult. In the unetched specimen it is 
indistinguishable from the cobalt. It is the first 
constituent to be coloured brown in a light attack 
with potassium ferricyanide. Hot hydrochloric 
acid (fifteen minutes) eliminates cobalt but leaves 
the 7 phase intact. Subsequent attack by hot 
ammonium persulphate solution (ten minutes) 
dissolves 4. Slight decarburisation causes wide 
dispersion into fine, separate grains, but a 
greater degree of decarburisation leads ultimately 
to the formation of crystals of large dimensions 
if sintering is prolonged. Although a 2 per cent 
deficiency in carbon suffices to cause the appear- 
ance of 7 in tungsten carbide-cobalt alloys, the 
permissible deficiency in carbon in TiC-WC-Co 
alloys increases with the titanium content, 
becoming 13-15 per cent when. the titanium 
carbide reaches 20-22 per cent. With sufficient 
decarburisation all the cobalt can form the 7 
phase. 

A deficiency in carbon increases the hardness 
but rapidly reduces the toughness of the alloy. 
This is due to the fact that the double carbide, 7, 
is harder and more brittle than metallic cobalt, 
the amount of which is at the same time reduced. 
Another factor contributing to the increased 
hardness of the decarburised alloy is the tendency 
of the » phase to separate first at the interface 
between the grains of carbide and the cobalt, 
inhibiting grain growth of the carbide. The grain 
size of alloys containing is finer than usual. 
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Fig. 1—Constitutional diagram of tungsten carbide- 
cobalt alloys with variable carbon contents 
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Fig. 2—Variation in bending stress and hardness of a 
tungsten carbide-16 per cent cobalt alloy in relation 
to excess or deficiency of carbon 
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This increase in hardness cannot safely be used 
‘n practice because toughness falls so rapidly 
with increasing decarburisation, and, therefore, 
atentionally decarburised alloys may be very 
ariable in properties. On the other hand, 
unintentional variations in carbon content may 
markedly change the character of the alloy. For 
example, a hard metal which, when carbon 
content is normal, is resistant to shock and will 
cut at medium speed under heavy loads, may if 
decarburised cut much more speedily but at 
lower stress. Such results are, however, not 
reproducible as the characteristics of the decar- 
burised alloy are too uncertain and its brittleness 
too great for rational use. 

Professor Bernard concludes with two words 
of advice : the first to manufacturers to stabilise 
the carbon content of their alloys and not to 
attempt to captivate their clients with abnormal 
products obtained without certainty of repro- 
duction ; the second to users, not to be misled 
by the extraordinarily good performance of an 
isolated sample which may have resulted from 
an error in manufacture, but to demand standard 
reproducible products rather than abnormal 
performance. 


High-Temperature Corrosion of 
Heat-Resisting Steels 


THE kind of corrosive attack frequently” 


observed in combustion-gas environment of oil- 
burning installations results from the destruction 
by the contaminants of the corrosion-resisting 
layer that normally forms on the heat-resistant 
alloys. The altered surface layer, no longer an 
effective barrier to diffusion, permits corrosion 
to proceed, frequently at a catastrophic rate. 
Investigations leading to a better understanding 
of this sort of corrosion have been described by 
G. W. Cunningham and A. de S. Brasuras,* 
who gave particular attention to the behaviour 
of contaminants rich in sodium sulphate and 
vanadium pentoxide. Abstracts reporting the 
further study of corrosion by vanadium pentoxide 
are contained in the Nickel Bulletin, October- 
November, 1956. 

Comparative tests on a number of heat-resisting 
alloys have been made in a boiler installation, 
burning “‘ bunker C” fuel oil, in which gas 
temperatures reached 850 deg. Cent., and are 
described by D. W. McDowell, Jr., R. J. 
Raudebaugh and W. E. Somerst in a paper 
entitled ‘‘ High-Temperature Corrosion of Alloys 
Exposed in the Superheater of an Oil-Fired 
Boiler.” Because of the presence of large per- 
centages of sulphur, vanadium, sodium, calcium, 
&c., in this fuel oil, high deterioration rates were 
expected for all the alloys, but for economical 
reasons it was desired to ascertain how much 
longer certain alloys would Jast than others. 

Test racks containing a variety of test speci- 
mens were secured to one of the front row tubes 
of the second bank of the high-temperature 
superheater. The test racks hung clear of the 
superheater tubes on the furnace side. All 
corrosion rates were measured by metallographic 
examination and expressed as inches penetration 
for the duration of the test (500 to 700 hours), 
and these were extrapolated to inches per year. 
In some cases the scale showed as much as 
36 per cent of vanadium pentoxide and 32 per 
cent of sulphuric anhydride, SO,. An abstract 
of the results is given in Table I. Two values are 
given when there were differences between the 
leading and the trailing edge of the specimen. 
It will be seen that some alloys had corrosion 


TABLE I—Metal Loss in Inches Penetration per Year 


loy Inches per year 

12Cr-3Al had See eee ak ne 0-108 
78Ni- fat TFe (Inconel) BP PT ee ae 0-113 
28Cr-10Ni ... ae ae 0-124 
28Cr seed sagtlaws tire 0-189 
37Ni- 20Cr- rest st Fe (Incoloy) a 0-217 
25Cr-12N ses es Gea ce 
18CrBNi ges) ayes ail eas: SARE oe 0-406 
REIT sans? fas. case. ‘wes, ghee” were. gon uee 0-422 
GPR a ater met 
5Cr ‘a os eee. tage one oe, toe 
5Cr-Mo 0:400-0-522 
5Cr-Mo-Si ‘ 0-435-0-575 
5Cr-Si bila ded “eves. Seat whe) tows ods cokes, ee 
“|: “i ace mai ame ae ya 
18Cr-10Ni-O- STi kbs seat Wee ~ Bad 0-690 
lain C Bie nuh: tig Wek eee> abt “etl be 0-695 
a ane a 
18Cr-2Ni pale est vasa lees, Repltiae ete 





* Corrosion, August, 1956, page 3891. 
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rates from five to ten times greater than others. 
None showed a rate of oxidation low enough to 
make it outstanding in this service. The lowest 
corrosion rate was shown by castings of the 
12Cr-3Al alloy. Alloys with a corrosion rate as 
high as 0-4in per year would be regarded as 
unsatisfactory for tube supports, spacers, &c., in 
the superheater section of a boiler using this kind 
of oil fuel. 

Four of the alloys (as shown in Table II) were 


TABLE IJ—Tests on Alloys with Duralised Coating 


Thickness Penetration 
Alloy of coating, in 707 hours, 
inch inch 
ME. pcg Seis | ene! > ox - 0-017... 0-011 
28Cr-10Ni See SEES Aton ais idan 0-020 0-0135 
RE oss base ene! Cond: aca 0-020 ... 00145 
21Cr-9Ni a aa 0-022 ... 0-015 


given a Duralised coating by the Duraloy Cor- 
poration. The coating contained aluminium, 
iron and chromium with their oxides and possibly 
intermetallic compounds of aluminium with 
chromium and with iron. The tests were con- 
tinued for 707 hours and up to this time penetra- 
tion had not extended to the depth of the coating, 
and there was no base-metal attack. It would be 
incorrect to suppose that the coating was at the 
point of disappearing as the coating composition 
continues to penetrate deeper and deeper into 
the alloy base with a corresponding fall in 
aluminium content as diffusion proceeds. The 
aluminium content of the surface of the fresh 
coating was about 50 per cent but it was noted 
in the discussion of the paper that after several 
months’ exposure to high temperatures this fell 
to 30 per cent. Attack on the basis metal would 
not necessarily begin when penetration reached 
the original depth of the coating. Owing to the 
change in the base-metal boundary, the pro- 
tective thickness remaining may be considerably 
greater than the measurements in Table II would 
appear to show. 


' Chromium-Aluminium Steels 


EXTENSIVE investigations on the replacement 
of the relatively high chromium stainless steels 
by corrosion-resisting steels of lower chromium 
content have been carried out in the Research 
Department of the Aciéries de Pompey and are 
described by the Director of Research, M. 
Herzog,* who originated work on the subject 
while still a student in the laboratory of Professor 
Chaudron. In spite- of certain limitations 
associated with the presence of any considerable 
amount of aluminium in steel (large grain size, 
brittleness, welding difficulties, &c.), these 
researches have resulted in useful steels contain- 
ing 2 to 4 per cent of chromium, 0-5 to 1 per 
cent of aluminium with carbon 0-14 per cent 
maximum. It was found that 3 per cent chro- 
mium reduced the attack of natural waters 
without increasing tendency to pitting, and that 
1 per cent aluminium reduced the loss of weight 
of the steel in sea water by about 45 per cent, 
their effects being at least in part additive. Rust 
is more adherent in the presence of chromium. 
In natural waters the deposit produced is richer 
in silica and calcium carbonate at cathodic 
regions, while the steel is less corrodible, so the 
rust thus “‘ diluted ” exercises a much less active 
effect. At temperatures above 40 deg. Cent., 
the protective action diminishes, especially in the 
presence of NaCl alone. Exposed to the action 
of boiling KCl brine at the Alsace Potash 
Mines, the steel showed a loss of weight of from 
one-third to a half of that shown by mild steel. 
It may be used in the normalised or heat-treated 
condition. Applications include exposure to 
nitrates and to sulphuretted hydrogen. A well- 
tempered sorbitic structure offers the best 
resistance to sulphuretted hydrogen. Acid media 
produce brittleness owing to the occlusion of 
atomic hydrogen, and corrosion cracking under 
stress may occur, but in alkaline media the 
amount of atomic hydrogen dissolved in the 
course of corrosion (without stress) is negligible. 

Certain applications are quoted. In mineral 
trucks, 2mm plates of tensile strength 60 tons 
per square inch have been substituted for 5mm 
plates of 25 tons per square inch tensile strength 
and after two years they show to advantage 
owing to their greater hardness and higher 
resistance to corrosion. Other applications men- 
tioned are drinking water conduits, and tie-rods 

* La Métallurgie, April, 1957, page 323. 
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of the firebox of locomotives. The tube of a 
boring 400m deep, through ground traversed by 
layers of salt, has been in use since 1937. Welding 
still remains a problem. In particular, for 
apparatus to be used under pressure, reheating 
after welding is obligatory. 


Temper Brittleness of Boron-Treated Stee!s 


Boron itself has little influence on the sus- 
ceptibility of steel to temper brittleness, but 
conflicting statements Have been made about the 
susceptibility of boron-treated steels. 

In an investigation carried out at the U.S. 
National Bureau of Standards,* two series of 
steels from the same basis material (carbon 0-4, 
manganese 1-6 per cent) have been studied to 
ascertain whether titanium and zirconium, 
present in commercial boron addition agents, had 
any adverse effect upon the impact properties, 
particularly with reference to temper brittleness. 
One series was prepared from steel melted by the 
Bureau of Mines in a 500 Ib basic electric fur- 
nace ; the other from steel melted by the Bureau 
of Standards in a high-frequency induction 
furnace. In both series, additions were made of 
2 Ib per ton of aluminium and of either one out 
of three commercial boron addition agenis or 
of a ferro-alloy (ferro-boron, ferro-titanium or 
ferro-zirconium). All the steels in bar form were 
given the same hardening treatment (half-hour 
at 870 deg. Cent., and quenched in oiJ) and were 
tempered at 650 deg. Cent. for half-hour, the 
rate of cooling from the tempering temperature 
being varied so as to develop temper brittleness. 
An isothermal embrittling treatment (forty-eight 
hours at 500 deg. Cent.) was also employed. 

The results obtained indicated that with fully 
hardened steel tempered at 650 deg. Cent., the 
presence of relatively small amounts of titanium, 
as introduced into the steel by the boron addition 
agent, was sufficient to cause an impairment of 
the Charpy V-notch impact properties or an 
increased susceptibility to temper brittleness or 
both. This was confirmed by the addition of 
titanium without boron. Similar effects were not 
observed as a result of the presence of zirconium. 
The zirconium additions, however, were smaller, 
although within the range of the residual amounts 
usually found in steels which had been treated 
with boron addition agents containing zirconium. 

The same general trend was observed in the 
results from the two sets of steels, but the impact 
values of the steels melted at the Bureau of 
Standards were distinctly higher than those of 
the steels melted at the Bureau of Mines. A 
slightly lower carbon content of the Bureau of 
Standard’s steels may have had some influence 
in this direction. Both series, however, showed 
deleterious effect of titanium additions. 


Applications of Electrodeposits 


THE recently published report of the Forty- 
third Annual Technical Proceedings of the 
American Electroplaters’ Society, 1956, contains 
several communications of special interest to 
engineers. Various organic addition agents may 
be used to increase the hardness of nickel deposits 
and under favourable conditions a Vickers 
diamond hardness of 550 has been obtained in 
deposits which, it is claimed, remain satisfactorily 
ductile. Methods employed in “ electroless ” 
nickel plating were reviewed, and procedure for 
nickel plating of resins, glass and ceramics were 
described. Success was mainly dependent on 
correct preliminary preparation of the surfaces. 

Electrodeposits designed to enhance the use- 
fulness of materials for high-temperature service 
received attention. Consideration was given to 
the limitations of nickel coatings on jet-engine 
parts. The degree of corrosion resistance 
obtained in deposits sufficiently thin to be 
acceptable from the standpoint of dimensional 
tolerance was found to be inadequate. Electro- 
less nickel deposits, which are attractive as giving 
good coverage to complex shapes; proved to be 
too brittle. Chromium, on the other hand, shows 
more promise on account of its higher melting 
point, greater high-temperature strength and 
increased corrosion and wear-resistance. Methods 
were described by which chromium has been 
successfully plated on high-alloy materials. 


* S. J. Rosenberg, Bureau of Standards, Journal of Research, 
April, 1957, page 175. 
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LETTERS AND LITERATURE 


Letters to the Editor 


( We do not hold ourselves responsible for the opinions of our 
correspondents ) 


TERMINOLOGY IN GEARING 


Sir,—Mr. A. M. Gunner’s letter in THE 
ENGINEER of May 17 states things very clearly. 

If one knows the pitch and pressure angle 
of the basic rack the gear system is designed, 
and the base pitch is in front of you. As Mr. 
Gunner points out, gears generated by this 
rack form, whether normal, abnormal or 
subnormal, will have the same diameter 
rolling circle if they have the same number of 
teeth. I think this is a good reason for calling 
this circle the standard pitch circle. 

A gear layout for a twenty-spindle tapping 
head has over forty gear wheels and is a 
maze of circles perhaps on three decks on 
some very odd centres, driving spindles with 
almost exact speed ratios. Most people call 
these pitch circles. 

Pitch circles are also useful when finding 
the diameters of spiral gears (cross helicals), 
with fixed centres and ratios, cut with a 
standard hob. 

F. E. Linpsay 

Birmingham, 

May 20, 1957. 


Sm,—The question posed by Mr. Lindsay 
in your April 26 issue concerned a pair of 
equal spur gears, N=20, P=10, ¢=20 deg., 
cut to standard depth of 0-225. 

The solution offered by Dr. Tuplin on 
May 10 gives a range of correction k from 
0 to +0-75, with centre distances 0-20 less 
than the outside diameters. Taking extremes, 
the first pair would be cut standard, run at 
standard centres, and have zero backlash. 
The second pair would be enlarged and run 
at extended centres according to the rough- 
and-ready rule “increase in centres equals 
half the sum of the enlargements,” from which 
it is known that excess backlash will result. 

There are several methods—formulas, 
tabulated constants, &c., all of which depend 
directly or indirectly on “that six-figure 
horror, the involute function ”—by which the 
circumferential backlash at the operating 
pitch diameter of 2-150 is determined as 
0-027, an angular backlash of 0-72 deg. 
This amount of backlash is excessive ; in 
fact, it is three to eight times the amount 
ordinarily allowed, which varies with the 
use to be made of the gears. It happens to 
be about three times the permitted maximum 
(determined by experience) for truck gears of 
comparable size. 

To regulate all this, we should have to cut 
the first pair deep, to secure some backlash, 
and the second pair shallow, to reduce the 
excess backlash. The question is—how 
much ? That ends the lesson on gear design 
oversimplified. We shall have to go back to 
first principles, to involute functions, tooth 
thickness and backlash allowance at the 
operating pitch circles, and all the other 
“* phantasmagoria of a fevered dream ” that 
Dr. Tuplin would save us from. And yet, 
these fundamentals are really simple to 


understand and use, once the essentials have 
been mastered. 

Of course, Dr. Tuplin does know better ; 
in previous articles in Machinery and THE 
ENGINEER he has considered backlash, and 
wrote a special article on the subject which I 
thought made rather heavy weather of it. 
Now, apparently, it doesn’t matter any more. 
A user of the simplified method might not 
realise that unsatisfactory conditions may 
result. When simplified methods are offered, 
the possible drawbacks should be mentioned, 
too. 

A. M. GUNNER 

Hampton Wick, 

May 24, 1957. 


FIRE HAZARDS OF ROOF 
COVERINGS 


Sirn,—Mr. L. R. Chambers, director- 
general, Fibre Building Board Development 
Organisation, Lta., is not correct in his letter 
to you, published in your issue of March 29, 
when he states that the Fire Protection 
Association, in one of its publications, con- 
firmed or supported the view that the prime 
factor contributing to the rapid spread of 
fire in the roof of the Jaguar factory was the 
high bitumen content in the roof covering 
and flashings. The relevant words used in 
the publication referred to were : 

“Though a strong wind and flammable 
contents assisted the fire, spread at ground 
level was aggravated by burning bitumen 
and fragments of fibreboard falling from the 
roof and igniting the materials on the floor.” 

A copy of the publication is enclosed. 

N. C. STROTHER SMITH 
Fire Protection Association, 
15, Queen Street, London, E.C.4, 
May 13, 1957. 

[Interested readers are strongly advised to 
obtain copies of Spread of Fire by Bituminous 
Roof Coverings from the Association.—Eb. 
The E.] 


LOCOMOTIVE TRIALS—WESTERN 
REGION 


Sir,—I wish to thank Mr. Nock and Mr. 
Poultney for their illuminating comments 
(page 798) on this subject. They both rely, 
to some extent, however, on information 
derived from “ King” performances other 
than those recorded in Mr. Nock’s article 
of April 12, whereas my main comment was 
that these particular runs did not in them- 
selves positively demonstrate anything very 
remarkable. Mr. Nock rightly emphasises 
that there are unavoidable periods of easy 
running on any trip between Exeter and 
London, and their elimination might have 
permitted a higher mean power to have been 
developed, but that does not alter the mean- 
ing of the figures actually recorded. The 
particular peak effort recorded in Fig. 1 on 
page 560, representing about 35 d.h.p. per 
square foot of grate for 23 min is good, but 
has been equalled or surpassed by a score 
of British locomotive classes in the past. 
Mr. Poultney deduces that the “ King” 


must, on one occasion, have been absorbing 
some 930 h.p. in internal resistance at 65 
m.p.h. This is some 75 per cent more than 
has been noted at this speed for some other 
locomotives of comparable size and it is 
rather difficult to accept Mr. Poultney’s 
implication that it is to this particular 
“ King’s” credit that it pulled so well as it 
did while being such a heavy handicap to 
itself. 

The habit of crediting the locomotive with 
its own internal losses appears, from Mr. 
Nock’s comment on the misleading nominal 
ratings of diesel-electric locomotives, to be 
becoming a tolerated practice. If the losses 
were only a few per cent of the output, the 
matter would be unimportant, but when we 
read that in some ordinary running condition 
the maximum output of a diesel-electric 
locomotive may be only 60 per cent of the 
nominal rating, an imperative need always 
to specify exactly which power is meant 
becomes obvious. It is possible also to 
question the practical value of adding to 
the measured (or estimated) drawbar horse- 
power of a locomotive running uphill a 
“correction” equal to the power that the 
locomotive must develop to lift itself up the 
gradient. It is, for example, small solace 
to a fuming passenger in a train stalled on a 
steep incline, to be told that the locomotive 
could develop enough power on the level to 
keep the train going at 70 m.p.h. 

W. A. TUPLIN 

Sheffield, 

May 27, 1957. 


Book Reviews 
Bearing Design and Application. By D. F. 

Witcock and E. R. Booser. McGraw- 

Hill Publishing Company, Ltd., McGraw- 

Hill House, 95, Farringdon Street, London, 

E.C.4. Price 94s. 

THE designer has few books at his disposal 
which can help him in the correct selection 
and proportioning of bearings, and a work 
by the present authors, coming as they do 
from the Bearing and Lubricant Centre of 
the General Electric Company of the U.S.A., 
will be studied with interest. 

At the outset of any design it is necessary 
to select the kind of bearing, and some 
guidance of a qualitative type is given in 
Table I to enable the selection to be made as 
between sliding and rolling bearings. Then, 
for over a third of the book, ball and roller 
bearings are dealt with. It is assumed that 
the designer will not concern himself with 
the actual design of these bearings, but will 
simply select one which already appears on 
the list of one of the leading American 
manufacturers. The 155 pages devoted to 
ball and roller bearings will be of value to 
the American reader because they summarise 
in one volume, information which he would 
otherwise have to seek in the catalogues of 
six manufacturers and in the Standard issued 
by the Anti-friction Bearing Manufacturers’ 
Association. The British reader will be less 
appreciative because the information he 
requires is somewhat different and he will 
find this in the catalogues of the British com- 
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panies, in the Standards of the British 
Standards Institution and in Defence Specifi- 
cation D.E.F.4. 

The value of the book to British readers 
must therefore reside in the second part, 
which deals with plain or “sliding” 
bearings. ‘Here the main contribution of 
the authors, the “ operating line method,” 
is illustrated. This constitutes a neat solution 
to the problem of predicting bearing con- 
ditions in face of the fact that the generation 
of frictional heat is proportional to viscosity, 
which is itself dependent on the temperature 
of the oil film. In this graphical solution 
two curves are plotted, one relating lubricant 
viscosity with temperature and the other 
connecting a series of points representing the 
operating temperatures of the bearing if fed 
with a series of oils of different viscosity, but 
in each case the viscosity is assumed to be 
invariant with temperature. The point of 
intersection of the two curves defines the 
temperature of operation of the bearing. 
The simplicity of the method is commendable, 
but, of course, each change in bearing 
dimensions, clearance, &c., involves the 
calculation of a new operating line. This is 
not an easy process, because it requires, not 
only the ability to calculate the rate of heat 
generation in a bearing, but also the rate 
of transfer of heat away therefrom. 

No attempt is made at prediction of an 
optimum design, it being held that the 
designer will compare one design with another, 
varying such factors as clearance, viscosity 
and oil groove shape until an optimum is 
found. The claim is made that such calcula- 
tions‘may be made without the uncertainties 
attendant on costly and time-consuming 
experimental testing. It is assumed that the 
amount of oil flowing through a bearing can 
be divided into three terms, the amount 
flowing directly from any open ends of oil 
grooves, the amount flowing away from the 
remainder of the bearing under the action of 
the supply pressure, and the amount of side 
leakage associated with the hydrodynamic 
film. It is assumed that these may be calcu- 
lated independently. The power consump- 
tion is adjusted for the true extent of the 
lubricant film and then the operating tempera- 
ture for each assumed viscosity may be 
estimated. 

Although it would be impossible to deal in 
one volume with all the bearing configurations 
likely to occur in practice, it is suggested that 
any bearingcan be broken down into anumber 
of simpler configurations. From the solution 
of these simpler elements the more compli- 
cated solution for the overall bearing con- 
figuration may be arrived at. To assist in 
this process of design, tabular solutions of 
Reynolds’ equation are given for bearing 
arcs of 75 deg., 120 deg., 150 deg. and 360 
deg. Cameron and Wood's solution for the 
180 deg. bearing is quoted, that of Needs 
electrical analogy for the 120 deg. bearing, 
whilst new data have been obtained using a 
I.B.M. computer for the remaining cases. 
Examples of centrally split bearings, three- 
lobe bearings and the effect of various 
grooves and pockets are provided. 

Some stress is placed on the onset of 
turbulence in bearings, but no mention is 
made of Sir Geoffrey Taylor’s treatment or 
of possible effects of eccentricity on the onset 
of vortex action. Rayleigh’s name is not 
mentioned in connectiori with the stepped 
bearing and, whilst passing reference is made 
to Michell’s theoretical studies, he is not 
allowed to share with Kingsbury credit for 
the invention of the tilting pad bearing nor is 
he deemed worthy of mention in the index. 
The chapter on externally pressurised bear- 
ings sets out clearly the information necessary 
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for design, including the case where air is 
used as the supporting fluid. The properties 
of bearing materials are discussed in a logical 
manner and the important properties are set 
out in a useful table. Similarly, much 
useful information on oils and greases is 
collected in the chapter on lubricants. 

The British reader will be irritated by 
departures from U.K. convention. One is 
the measurement of the “‘ length ” of a bearing 
in a direction at right angles to that of the 
relative motion of the bearing elements, and 
the other is the use of “uu” for viscosity 
instead of coefficient of friction. There are 
also some misprints: on page 194 the 
reference should be to Chapter 7, not 
Chapter 6 ; and on page 331 it is stated that 
viscosity in reyns is equal to the viscosity in 
centipoise multiplied by 1-4x 10’, whereas 
on page 191 the reyn is defined as being 
equal to 68,950 poises. . 

The shortcomings of the book are likely to 
be of concern to the specialist. But it is 
only fair to note that, in opening their pre- 
face, the authors state that “* The sole object 
of this book is to provide practical guidance 
to the machine designer.” In this they may 
be said to have succeeded: the treatments 
given are easy to understand and numerous 
worked examples are provided. 


An Encyclopedia of the Iron and Steel 
Industry. By A. K. Osporne. The Tech- 
nical Press, Ltd., 1, Justice Walk, Chelsea, 
London, S.W.3. Price 90s. 

THIs book unquestionably deserves its title 

of “ Encyclopedia.” The terminology of 

the iron and steel industry has increased con- 
siderably in recent years, but it is difficult to 
think of anything that has been omitted from 
this work of reference! Brief descriptions, 
in alphabetical order, of the materials, plant, 
tools and processes used in the iron and steel 
industry, and in industries associated with 
it, form the main portion of the work. The 
flow sheets and the appendices containing 
conversion tables, tables of properties of 
various steels, and definitions of symbols are 

a worthwhile addition to a volume that will 

be in regular use not only in the iron and 

steel industry, but in many other industries 
as well. Much of the information in the 
book originated from the library at the 

Brown-Firth Research Laboratories. Its 

collation and up-to-date presentation repre- 

sent a task on the successful completion of 
which the author is to be congratulated. 


Books Received 


Mathématiques Générales. Volume II. Sixth 
edition. By Maurice Denis-Papin. Dunod, 92, Rue 
Bonaparte (6e), Paris. Price Fr.480. 

Human Relations for Management. By Edward 
C. Bursk. Constable and Co,, Ltd., 10, Orange 
Street, London, W.C.2. Price 27s. 6d. 

British _ Standards Institution Yearbook, 1957. 
British Standards Institution, British Standards 
House, 2, Park Street, London, W.1. Price 15s. 

Advanced Fluid Dynamics and Fluid Machinery. 
By R. C. Binder. Longmans, Green and Co., Ltd., 
6 and 7, Clifford Street, London, W.1. Price 60s. 

Mechanisms and Dynamics of Machinery. By 
H. H. Mabie and F. W. Ocvirk. Chapman and Hall, 
Ltd., 37, Essex Street, London, W.C.2. Price 68s. 

National Certificate Electrical Engineering. By 
R. Bourne. Macdonald and Evans, Ltd., 8, John 
Street, Bedford Row, London, W.C.1. Price 22s. 6d. 

Microbiology of Water and Sewage. By P. L. 
Gainey and T. H. Lord. Lon Green and Co., 
og 6 and 7, Clifford Street, London, W.1. Price 


Plant and Process Dynamic Characteristics. By 
the Society of Instrument Technology. Butterworths 
Publications, Ltd., 88, Kingsway, London, W.C.2. 
Price 50s. 

Materials and Processes in Manufacturing. By 
E. Paul Degarmo. The Macmillan Company, 
10, — Audley Street, London, W.1. 
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British Standards Institution 


All British Standard Specifications can be obtained from the 
Sales Department of the Institution at 2, Park Street, London, W.1. 


PORTABLE ELECTRIC TOOLS (HAND-HELD) 
No. 2769: 1956. Price 3s. 6d. Owing to the 
diversity of application of portable electric tools it 
was considered desirable, if only to secure as high a 
degree of safety as possible, that some standard of 
construction should be laid down, and in preparing 
this specitication the aim has been to incorporate the 
points in design contributing to that end in a com- 
mercially practicable construction. In the specifica- 
tion attention has been given not only to mechanical 
and electrical matters concerned with construction, 
but to such matters as the method of connection to 
the source of supply and the application of the appro- 
priate protective gear. Technical aspects of these 
considerations are dealt with in an Appendix. 

The specitictaion is contined to apparatus operating 
at a maximum of 25UV and, so far as application to 
three-phase supplies is concerned, this upper limit 
has been ‘selected in the belief that the normal three- 
Phase supply at 44UV, or 415V, is unsuitable for the 
type of tooi dealt with in the specification. This view 
is, in fact, partly responsible for the decision to 
exclude from the standard transportable apparatus, 
for which there may be less objection to the use of a 
higher voltage. 

The prevalent use of universal motors in portable 
tools necessitated some attention to the question 
of radio and television interference suppression, and 
the specification contains a reference to means of 
accommodating the various components. 


METHODS OF TESTING VULCANISED 
RUBBER 


No. 903, Parts A4 and AY : 1957. Prices A4 3s., 
and A9 Ss. In this revision of B.S. 903, on methods 
for testing vulcanised rubber, Part A4 deals with the 
determination of compression stress-strain, and Part 
AY the determination of abrasion resistance. These 
parts replace part 17 and part 24 of the 1950 edition 
of the specitication. Part A4 differs from the previous 
edition mainly in respect of layout. Two methods of 
test are specified: compression stress at a specified 
Strain; and strain at a specitied compression stress. 
Requirements are specified for test piece, apparatus 
procedure and methods of reporting. . In part A9, 
the principal innovation is the inclusion of a method 
of testing under conditions of constant torque, using 
the Du Pont abrasion machine. The methods 
specified are : A, the Du Pont method ; B, the Du 
Pont constant-torque method; C, the Akron method, 
and D, the. Dunlop method. Requirements for the 
test piece, apparatus, procedure, temperature of test, 
expression of results and method of reporting are 
specified for each method. 

It is pointed.out that the normal method of using 
the Du Pont: machine, as laid down in method A of 
B.S. 903, Part A9, is also at the moment being con- 
sidered for adoption internationally by the Inter- 
national Organization for Standardization. 


MECHANICAL PROPERTIES OF STEELS AT 
ELEVATED TEMPERATURES 

PD. 2647, No. 1, for “ Wrought Carbon Steel 
(0:08-0:25 Per Cent Carbon.” Price 2s. 6d. 
PD. 2648, No. 2, for ‘“‘ Wrought 1 Per Cent Chromium, 
4 Per Cent Molybdenum Low-Carbon Steel.” Price 
3s. These publications were originally intended for 
the use of committees of the British Standards 
Institution in preparing standards, but at the request 
of industry it was decided that they should be made 
generally available. It is emphasised that the 
information they contain is intended to be a general 
guide and must not be used as values to be satistied 
by steels of the types describéd. The data are based 
on such tests results as were available and its extent is 
indicated in the publications. 

Each publication gives a table of stresses which 
may be expected to give stated total plastic strains.in 
various times. These times range from 300 hours to 
100,000 hours and temperatures up to 600 deg. Cent. 
Specification PD. 2648 gives rupture figures for times 
up to 10,000 hours, and also includes typical tensile 
test results up to 600 deg. Cent. Supplementary data 
include fatigue and impact test results. 


DETERMINATION OF CLOSED FLASH POINT 
OF PETROLEUM PRODUCTS BY MEANS 
OF THE PENSKY-MARTENS APPARATUS 

No. 2839 : 1957. Price 3s. This new standard is 
technically identical with the Institute of Petroleum 
publication IP/34/57, and describes a method for the 
determination of the closed flashpoint of petroleum 
products having a flashpoint above 120 deg. Fah. 
The Pensky-Martens apparatus used is described in 
detail under six main heads : oil cup, stirring device, 
lid, equipment attached to the lid, stove and thermo- 
meters. Two fully annotated diagrams are included. 
The methods of preparing the sample and of carrying 
out the determination are specified in detail. The 
standard also gives some information on the degree 
of precision which can be obtained, and a note on 
the correct interpretation of the terms “‘ repeatability ” 
and “ reproducibility.” 





Aeronautics at the 
Imperial College 


On Tuesday last, the Queen Mother opened the 
Roderic Hill Building of the Imperial College of 
Science and Technology. The western part of the 
building is occupied by the Aeronautics Department 
of the City and Guilds College, and is seen in these 
illustrations. The top picture shows the three 
oil-less reciprocating compressors used to charge 
forged pressure vessels to 1000 lb per square inch 
to provide a reservoir for intermittent operation 
of the supersonic tunnels ; these are injector driven 
at Mach 2; one is of 8in by 254in, and another, 
not yet completed, of 1ft square working section 


The ground floor laboratory houses the heavier 
apparatus of the structures division, including a 
Losenhausen fatigue testing machine able to accept 
lengthy components. The apparatus seen in the 
bottom picture is used for an investigation of the 
higher order modes of vibration of a thick uniform 
plate. The plate is clamped at its centre, the clamps 
hanging on rubber cords and being excited by a 
pair of vibration generators. The resulting motion 
is detected by the light pick-up seen on the nearer 
part of the plate ; this rests on sponge rubber feet 
and does not react to the vibration. The displace- 
ment transducer is inductive and has a sensitivity 
of the order of 0-0001in and will respond beyond 
1000 c/s. Also on the ground floor is a hydro- 
dynamics laboratory, supplied by water tanks at 
heights of 15ft and 70ft. A water table is provided 
to demonstrate streamline flow and simulate com- 
pressible flow. The wind tunnel equipment includes 
three low-speed tunnels moved from the former 
building in Exhibition Road, 5ft by 4ft, 3ft by 2ft 
(formerly 5ft by 1ft, for use, with boundary layer 
suction, in reproducing two-dimensional flows) 
and 20in octagonal working section. Provision 
has been made for bulky specimens to be brought 
into the building or raised to the first floor. The 
workshop is equipped to toolroom standards for 
the manufacture of models and apparatus 
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In the aerodynamics laboratory on the third floor 
are a number of small blowers used in place of 
wind tunnels for student experiments. There also 
is the analogue computer seen in the centre picture, 
which has a purely electronic circuit designed 
primarily for studies in stability. It is capable of 
simulating the control loop of a simple aeroplane 
and pilot; the ‘‘ pilot’’ can observe and dif- 
ferentiate errors, and his response time can be 
varied up to 500 milliseconds by a delay line. The 
computer is here reproducing the motion of the 
two pendulums on the right, which are coupled by 
tension springs ; as is well known, the energy of 
the pendulum system predominates in each half in 
turn. The computer behaves analogously, the out- 
put being presented by the two pens of the recorder 
seen beyond and between the pendulums. Other 
researches in progress concern the Coanda effect, 
the flow of a rotating mass of gas, and the flow in 
an open cavity in a body 
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National Physical Laboratory 


Last week, Open Days were held by the National Physical Laboratory, Teddington. 
We recount below some of the recent work on structural oscillations and fluid 
flow that has been undertaken by the establishment. 


HE accompanying picture shows the discharge 

of eighteen rockets, each of 1000 Ib thrust, at 
the top of the 425ft concrete chimney at Ferry- 
bridge “‘B” power station of the C.E.A. This 
was the method used to set the stack in oscil- 
lation in order to measure its natural damping. 
The problem of the oscillation of tall stacks in 
winds was reviewed by Mr. C. Scruton, of the 
N.P.L., in THE ENGINEER of July 10, 1955, page 
806. Last year a full-scale measurement of 
structural damping was carried out by the 
N.P.L., in conjunction with the Royal Aircraft 
Establishment, on the Ferrybridge chimney, the 
first in this country to be built of concrete. 





Rockets attached to the top of Ferrybridge ““B”’ 
power station stack being fired to excite an oscillation 


Observation of the top of the stack from the 
ground was discarded as a method of obtaining 
displacements and a set of accelerometers of 
remarkable sensitivity were used. Displacements 
of the structure as small as 0-00lin can be 
recorded by double integration of the accelero- 
meter output, and since the period is of the order 
of 0-5 c.p.s., the sensitivity of the piezo-electric 
accelerometers is better than 10~*g. Recording 
was done on paper tapes in a mobile laboratory, 
connected to the accelerometers by 600ft cables. 
The thrust units used were 2in aircraft rockets 
with an impulse of 385 lb seconds. The first 
trials were made with firings of six and twelve 
charges, and it was found that the chimney was 
vibrating in its first harmonic in the plane 
of the thrust : there was, therefore, no need to 
measure the amplitude at points other than the 
top. Eighteen rockets were then fired simul- 
taneously—each holder was meant to carry ten 
units, but one fitting was damaged in each in 
the earlier trials. The resulting oscillation had a 
peak-to-peak amplitude _preater than lin, and 
analysis. of the recordings showed that the 
natural damping gave a logarithmic decrement of 
06 


This result shows that the stability of this stack 
is marginal : at certain wind speeds the negative 
aerodynamic damping, as predicted from model 
tests, is greater than the observed structural 
damping. Investigation has subsequently been 
made of the behaviour of different cross-sections, 


such as duodecagons, but so far no section 
superior to a circle has been found. 

In the ship division there was seen a model 
equipped to investigate damping in pitch. The 
model hull was located under the tank gantry 
with two degrees of freedom, pitching and 
heaving only. In order to gain independence of 
forward speed and exciting frequency, pitching 
was induced by a pair of contra-rotating masses 
at each end of the hull. The hull not being 
symmetrical, both pitching and heaving resulted, 
and both were recorded continuously with the 
phase (and, implicitly, the amplitude) of the 
excitation on the same trace. From the results 
there can be deduced the damping coefficient and 
the entrained water inertia, which may be 50 per 
cent of the hull inertia, for comparison with 
calculated values. Correlation with a ship at sea 
is not envisaged at this stage. 


VAPOUR SCREEN VISUALISATION TECHNIQUE 


Experiments on the supersonic flow past 
inclined bodies of revolution employed the vapour 
screen technique. The humidity of the tunnel 
air was kept at such a value that condensation 
occurred near the end of the supersonic nozzle. 
A thin plane sheet of light was then projected 
across the tunnel to intersect the model at the 
section of interest, and photographed by a 
camera set upstream of the light source. The 
light renders the condensed water vapour visible 
and any areas where there is no vapour appear 
dark. Condensation can persist for relative 
humidities between 40 and 100 per cent, but the 
extreme values are avoided because in the first 
casé there is little contrast, and in the latter the 
camera is unable to detect the illuminated section 
through the vapour upstream. We reproduce a 
photograph taken by this technique and showing 
the flow a few diameters back on a yawed fiat- 
nosed body of revolution at M.2-45. The 





—_ of a flat-nosed yawed cylinder visualised in a 
vapour screen across a Mach 2-45 

light is incident from the right and the shadow of the 

body is conspicuous. The cylinder is nose down, 


separated from the nose is less dark 


photograph can be interpreted by reference to the 
diagram illustrating the flow regime. In the 
vortices the water vapour is centrifuged out and 
the area, therefore, appears dark. The wake of 
the flat nose is visible, the vapour having been 
removed from it by, probably, momentum separa- 
tion. Ona body with a pointed nose, a series of 
vortices in two staggered rows descending in size 
away from the body, resembling the vortex 
street behind a cylinder, may be observed. 
Shock waves also are rendered visible by this 
technique, appearing as a boundary between areas 
of different density, and the position of waves 
may be established thus where Schlieren methods 
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would show only the envelope of the shock front. 
This is one of the few methods for the visualisa- 
tion of supersonic flow, and is notably easy to 
interpret qualitatively. 

Pressure plotting on the surface of the model 
is also employed, and the construction of the 
model is not without interest. Pressure piping 
is led into a steel tube and passed out through 
ports in the wall: the end of the piping is then 
brazed to the tube and a small pipe running 
radially attached. This pipe forms the actual 
tapping hole and all assembly is on the outside 
of the tube. The model is then cast into 
“ Araldite’ and ground to the required size, 
the tappings being brought flush to the surface 
as this is done. Detachable flat and hemi- 
spherical nose-pieces are provided. 


N.P.L. REPORT FOR 1956 


The report of the Laboratory for 1956, recently 
issued, discusses these and other interesting 
fields of activity. The work of the Aerodynamics 
Division gives prominence to boundary layer 
behaviour and separation ; a measure of success 
in avoiding separation at trans-sonic Mach 
numbers is illustrated. Experiments on jet 
flaps—the term is used to embrace both blown 
flaps and pure jet flaps—have included a 5 per 
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cent thick, 60 deg. delta wing. Two tun- 
nels for Mach 4, a continuous Mach 5 tunnel, 
and an oxy-hydrogen explosion shock tube 
for high-temperature hypersonic research are 
planned ; a supersonic tunnel working at very 
low density is being designed for research on 
slip flow and free-molecular flow. 

The photograph from which the second illus- 
tration is reproduced is Crown copyright. 





PENETRATING O1L.—A recent addition to the range 
of lubricating and cutting oils and the greases made 
by Walkers (Century Oils), Ltd., Hanley, Stoke-on- 
Trent, is a penetrating oil known as “ Centifree.”’ 
This oil incorporates a solvent which frees rusted 
components and it can be supplied either with or 
without the addition of a colloidal graphite for 
lubrication of such things as spring leaves which have 
become locked by rust. 
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(Left) Concrete finishing machine levelling and compacting bottom layer of slab. The machine is seen here from the ‘‘ forward ”’ side. 
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Note the shoe of the 


vibrating beam. (Right) Machine for spraying curing compound. The brushed finish on the concrete and the dowels for the kerb are evident 


Longton By-pass Road 


The concrete carriageways of the Longton by-pass in Lancashire include both 
singly and doubly reinforced slabs constructed in ordinary concrete, and singly 
reinforced slabs of air-entrained concrete. The concreting machinery spans the full 
26ft width of the carriageway and places and compacts the concrete in two layers. 
Over 500 lineal feet of carriageway have been constructed in one day. 


HE Cement and Concrete Association’s 

pavings development group recently visited 
two of the road schemes at present under con- 
struction in Lancashire. The first of them, the 
Preston by-pass, is well-known, as it will be, 
when completed next year, this country’s first 
stretch of motor road. The scheme is impressive 
in its proportions, involving heavy cut and fill, 
and the construction of twenty-three bridges. 
However, we do not propose to give any further 
details about it here, since it was described in our 
annual review of civil engineering, published in 
THE ENGINEER of January 4 last. Instead, we 
give some particulars of the Longton by-pass 
which is being built close by on A59, from 
Hutton to Walmer Bridge. 

The Longton scheme is smaller in scale and less 
impressive than the Preston by-pass scheme, in 
that excavation and embanking works are quite 
modest—it passes through relatively flat country 
—and it involves the construction of only one 
bridge at a railway crossing. The carriageways 
are of rigid design, in contrast to the Preston 
by-pass. In the latter case the carriageways will 
consist of a “ sub-base ’’ of 4in to 19in of burned 
colliery shale or of slag, with a 9in thickness of 
premixed waterbound macadam, followed by 
24in tarmacadam base course with a jin cold 
asphalt surfacing. 

At Longton, carriageway construction is in 
concrete. Burned colliery shale—a local waste 
product—is again used for the sub-base, and is 
sealed, so that it can be used by the site traffic, 
with a hot tar spray and chippings. A sub-grade 
planer and compactor has been used for prepar- 
ing the sub-base. This machine is a variant of 
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the concrete finishing machine mentioned below. 
The shale is compacted to a density of 110 Ib 
per cubic foot. 

The new road is just over 24 miles in length, 
and although it will be used by mixed traffic, it is 
built to motorway standards in most respects as 
the accompanying cross-sectional illustration 
shows. Curvature varies from a radius of 
3183ft to 40,000ft, and the design speed is 60 
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m.p.h. ; gradients vary from 1 in 250 to 1 in 30. 
Roundabouts are used to join with the existing 
roads, and at two junctions with Class III roads 
the central reservation is widened and acceleration 
and deceleration lanes are provided. 


CONCRETE CARRIAGEWAYS 


The carriageways are of 10in reinforced con- 
crete laid to a width of 26ft on a lin bed of sand 
spread and compacted on the surface-dressed 
base of shale. 
road is reduced to 24ft by 7in by 4in splayed 
concrete kerbs which are laid on the slabs at 
both sides. These kerbs are backed with concrete 
which is dowelled to the slabs with 4in diameter 
bars hammered into the slab soon after the con- 
crete has been compacted. 

The carriageway concrete is laid and compacted 
in two courses. The 24in thick top course being 
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compacted within one hour of laying the bottom 
course. The coarse aggregate used in the bottom 
course is 14in to gin limestone—a local aggregate 
—which is delivered _to the site in two sizes of 
\4in to Zin and jin to qin. In the top course, the 
coarse aggregate is fin to #in granite—brought 
from further afield because of its better wearing 
properties—and in both courses the fine aggregate 
is washed pit sand. The aggregate/cement ratios 
of 7-75 and 5-75 for the bottom and top courses, 
respectively, have produced concrete cube 
strengths of generally over 5500 Ib and 7500 Ib 
per square inch, respectively, at twenty-eight days, 
and leave a margin of strength over the specified 
minimum compressive strength of 4000 Ib per 
square inch at twenty-eight days. The compact- 
ing factor for the concrete in both courses is 
about 0-82 (i.e. about tin slump) with a water/ 
cement ratio of about 0-54 for limestone and 
0-46 for granite. 

The concrete is mixed at a central batching and 
mixing plant which has a 2 cubic yards tilting 
drum mixer. The aggregates are stockpiled in 
their respective sizes and are fed to the batching 
bins on a two-stage belt conveyor. Moisture 
contents of the aggregates are determined when 
necessary, particularly after periods of rain, and 
the compacting factor test is frequently carried 
out on the concrete produced. 

Each of the two courses of concrete in the 
main road slabs .is laid by a separate train of 
plant consisting of one spreading and one finish- 
ing machine, operating on rails supported on the 
road forms. These machines follow the practice 
of the Oxton by-pass construction, in that they 
span the full carriageway width ; they are shown 
in operation in the accompanying illustrations. 
Both spreading machines are fed by side-tipping 
lorries, each carrying 2 cubic yards of concrete. 
With this arrangement outputs of over 500ft run 
of single carriageway per day have been achieved, 
corresponding to a concrete production of about 
400 cubic yards per day. 

The surface of the concrete is finished by 
brushing ;_ it is then cured with an aluminised 
curing compound, as shown in the last illustra- 
tion. A tent of canvas sheeting, also rail 
mounted, is provided to protect the fresh concrete 
when weather conditions are unfavourable. The 
side forms with attached rails are bedded on 3in 
of concrete. Pink cement is used to colour the 
concrete of lay-bys and acceleration and decelera- 
tion lanes. 

The carriageway on which concreting was first 
started is in accordance with the Ministry of 
Transport specification and was designed to be 
singly reinforced with 14-27 lb per square yard 
of fabric over half its length and to be doubly 
reinforced with two layers of 7-88 Ib per square 
yard of fabric over the remaining half. The other 
carriageway is singly reinforced with a top layer 
of 14-27 Ib per square yard fabric throughout, 
and both courses of concrete are air-entrained to 
give a total air content of about 44 per cent by 
volume. In both carriageways, two-course 
construction facilitates the placing of the top 
layer of reinforcement, which is conveniently 
placed on top of the compacted base course. 
With two layers of fabric in the slab it is necessary 
to adopt double spreading of the base course to 
permit the placing of the bottom layer of fabric. 

Three variations of design are thus involved 
in the work—singly and doubly reinforced 
ordinary concrete and singly reinforced concrete 
with air-entrainment. The air entraining, we 
understand, gives no economic advantage, nor is 
its primary purpose frost-resistance in this case. 
The air-entrained concrete is expected to give a 
better finish, and it has better handling properties, 
it is considered. 

Expansion joints are positioned at a nominal 
spacing of 150ft, although a tolerance of +25ft 
is permitted on this figure to give flexibility to the 
length of concreting which can be done each day. 
The joint filler, which is of Zin thick chipboard, 
. 84in deep, giving a sealing groove depth of 
Itin. 

Each joint is provided with dowel bars which 
are temporarily supported at their ends in timber 
jigs while the concrete placed between them is 
compacted with a poker vibrator. This operation 
is carried out 50ft or 100ft ahead of the main 
concreting. At the expansion joint at the end 
of a day’s work a sponge rubber capping strip is 
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placed on top of the filler so that the vibrating 
beam of the finishing machine can pass over the 
end without interruption. On recommencement 
of work the joint filler is concreted over and the 
l4in sealing groove later. sawn out. At the 
intermediate expansion-joints, concrete is laid 
over the joint filler, andthe sealing groove is 
later sawn down to it.. Sawing is also employed 
on the longitudinal joint to form a groove 1jin 


deep. 

Work on the scheme started in July, 1956, and 
by the end of February, 1957, most of the earth- 
works, drainage and laying of the shale sub-base 
and the abutments and wing walls of the Brown- 
hill railway bridge were completed. Concreting 
of the north carriageway was started on April 1, 
1957, and by May 6 a-length of about 8500ft 
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from the south roundabout to the railway bridge 
had been completed. Concreting of the south 
carriageway was started on May 8 and by May 14 
1600ft had been completed. Side road alterations 
have. almost been completed and some of the 
permanent fencing has been erected. The work 
should be:completed by October, 1957. 

The: scheme is being carried out by the 
Lancashire County Council, as agents for the 
Ministry of Transport and Civil Aviation. The 
Lancashire-County Surveyor and Bridgemaster is 
Mr. James Drake, M.I.C.E. The main contractor 
is Tarmac, Ltd., and the tender price is £451,240. 
The Cement and Concrete Association co- 
operated in the design of the carriageway and is 
providing a wet-surface profilometer to measure 
the surface irregularity of the concrete. 


Reinforced Plastics Factory 


Assessment of present trends in the plastics industry has resulted in a change of 
policy of Ashdowns, Ltd. The company has decided to discontinue compression 
and injection moulding and manufacture synthetic resin bonded laminates and mould- 
ings, and to that end has built and equipped a new factory and laboratories. 


| Alergy weg in the rapidly expanding 
plastics industry considered in conjunction 
with an assessment of future trends have resulted 
in a change in the production policy of Ash- 
downs, Ltd. This company, which assumed its 
present title in 1938 and which, as H. E. Ashdown 
(Birmingham), Ltd., became a member of the 
Pilkington Group in 1936, has supplied moulded 
plastic components to several major industries 
for a considerable number of years. During this 
time it has expanded its activities and in recent 
years has extended its scope to include the manu- 
facture of synthetic resin bonded laminates, 
‘* Fibreglass” reinforced plastic mouldings and 
sheets and thermoplastic sheet fabrications. It is 
the success achieved by these later products that has 
influenced the company in its decision to with- 
draw from the compression and injection mould- 
ing of powders in favour of the new products. 
These now include synthetic resin bonded 
laminates based on paper, cotton fabric and 
glass fabric materials marketed under the name 
‘** Ashlam ”’ ; synthetic resin bonded paper and 
fabric mouldings; “ Fibreglass”’ reinforced plastics 
as laminated boards and mouldings of various 
patterns; “ Fibreglass ”’ reinforced/polyester trans- 
lucent roofing sheet “‘ Undulite’ ; high impact 





polystyrene sheet, ‘“ Formene,” and thermo- 
plastics fabrication. 

The decision to turn to new products involved 
the acquisition of new plant and equipment and to 
house this a new factory has been built on a site 
adjoining the company’s Eccleston Works, St. 
Helens, Lancashire. This building has a floor 
area of 120,000 square feet and the siting of the 
machines and the layout of the various produc- 
tion sections have been arranged to allow an 
easy flow from the raw materials store to final 
despatch. Space has been reserved for the intro- 
duction of new processes, and there are a number 
of well-equipped laboratories where research and 
development work will be pursued and investiga- 
tions carried out on new materials. 

The raw materials store, which has ready 
access to all production sections, is fitted with 
racks and stillages to take the various raw 
materials and is arranged to facilitate mechanical 
handling. To produce the thermoplastic high 
impact polystyrene sheet “‘ Formene ” the com- 
pany has installed an automatic machine, illus- 
trated herewith, built by the National Rubber 
Machinery Company of Akron, U.S.A., which 
can extrude sheet up to 48in in width and to any 
reasonable length in thicknesses ranging from 


Extruding machine for producing ‘‘ Formene ”’ sheeting 





THE ENGINEER 


Horizontal impregnator for the impregnation of paper and fabric materials 


0-030in to 0-180in. In the process, granules 
of Styron 475 are raised by vacuum direct from a 
container through a tube to a hopper feeding a 
rotary screw drive. This forces the material 
through an electrically heated cylinder, where the 
temperature is raised to about 350 deg. Fah., and 
the soft material flows into a transverse cylinder 
from which it is extruded in the form of a sheet. 
This passes through a pair of chromium-plated 
rolls, set at a clearance to suit the thickness of 
sheet required, through which a polystyrene film 
is also fed in contact with the top surface of the 
sheet. From these rolls the sheet is drawn, by 
means of a pair of rubber-covered traction rollers, 
at acontrolled take-away rate over a series of rolls 
and forwarded to a machine where the edges are 
trimmed to give the correct width. The sheet 
is cut to length in an automatic guillotine and 
stacked. Offcuts are collected and treated and 
returned to process. 

For rapid production, coupled with low tooling 
costs, while permitting frequent changes in 
design, there is a vacuum-forming machine 
supplied by the Swiss company, Hydro-Chemie, 
Ltd. The machine, seen in the photograph which 
we reproduce, embodies the “ air-slip ” method 
of forming deep draws and can take a sheet 
measuring 60in by 40in, the maximum depth of 
draw being 18in. .The sheet to be formed is 
placed in the die and is then raised against clamp 
bars, after which an infra-red heater is swung over 
the sheet and removed after a suitable time 
interval, during which the sheet is raised to the 
temperature at which if softens. Vacuum is 


Machine for the automatic vacuum forming of thermoplastic components 


applied and the component formed and removed 
following a short interval to allow for cooling. 
A further machine is to be installed and another 
machine, incorporating developments by the 
company, is being built. 

Forming the first stage in the production of 
“ Ashlam ” laminates is the horizontal impreg- 
nator, designed by the company and built by 
L. A. Mitchell, Ltd. The unit shown in our 
illustration is in two sections, in both of which 
hot air is used as the drying agent. Paper from 
a roll is fed through a varnish bath before passing 
between a pair of chilled cast iron squeeze rollers 
ground to an accuracy of 0-0002in. The paper 
then passes through the length of the machine 
and out over cooling rollers and is re- 
wound. The air, which is heated by steam to a 
temperature of about 145 deg. Cent., is circulated 
by a fan and enters the lower part of the dryer 
at one end, and then passes upwards through a 
slotted baffie plate to be exhausted from the upper 
part of the dryer at the other end and recirculated. 
Provision is made for bleeding off, to atmosphere, 
a portion of the air according to the volatile 
content. 

In the laminating section of the factory various 
qualities of “ Ashlam” are made, including 
boards for printed circuits. Here impregnated 
sheets, to the number determined by the thickness 
required, are trimmed to 40in by 26in and on the 
upper surface is laid a sheet of copper, 0-0015in 
or 0-003in thick, coated with an adhesive. The 
whele is placed between sheets of stainless steel 
and both heat and pressure applied in a press. 


In the same section are a number of presses 
ranging from 350 to 1500 tons, producing 
“*Panelyte”’ moulding, and a large multi- 
daylight press of German manufacture. This 
machine, of which we reproduce a photograph, 
produces laminated boards measuring 8ft by 
4ft, has ten daylights, and can handle half a 
ton of material at one loading. Impregnated 
sheets to the number to give the weight of board 
required are laid between polished steel sheets 
and the assemblies placed in baskets which in turn 
are put into a loader. This is an automatic 
device which loads and unloads the ‘press, which 
latter is equipped with electronic devices to ensure 
accurate control of temperature and pressure. 

Mouldings are inspected before passing to the 
fabricating and finishing shops, where they are 
heated to the temperature required by the 
material to remove brittleness or to prevent 
cracking, before passing to the blanking presses. 
Those components requiring painting are sub- 
jected to a sanding operation to remove draw 
marks made in the paper during forming. A 
number of low-pressure presses are installed in 
the “‘ Fibreglass” reinforced plastics department, 
and also two Turner Atherton preform machines. 
In these glass fibres are fed to a chopper where 
they are cut to 2in lengths before being drawn 
down on to the surface of a perforated mould, 
mounted on a rotating table, under vacuum. 
When a sufficient thickness has been layered on to 
the mould the vacuum is cut off. The form is 
then sprayed before it is passed on to under- 
go the finishing processes. 


The multi-daylight press for producing 8ft by 4ft laminated boards 
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Close control is maintained over the raw 
materials and the finished components are 
checked against the relevant specifications of 
electrical and mechanical properties. In the 
physical test laboratory tensile strength, insula- 
tion resistance and air porosity are measured, 
and a bursting test applied, while for a check on 
electrical properties there is a 1000 megacycle 
test set. Supplementing the physical tests are 
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those carried out in the chemical laboratory, and 
there is a test sample room where the pro- 
ducts are checked for dimensional accuracy. 
There are also laboratories for the investigation 
of the properties of thermoplastics and. the 
development of the laminates, and another in 
which research is carried out on low-pressure 
thermosetting resins, particularly with respect to 
their reaction to heat, light and weather. 


Hydraulic Haulage Drive for 
Coal-Cutting Machines 


N interesting new form of hydraulic drive for 

the haulage units of coal cutters and shearer 
loaders has been developed by British Jeffrey- 
Diamond, Ltd., Wakefield. This drive enables 
the travelling speed of a machine working along 
a coal face to be controlled continuously and 
automatically in accordance with the power 
required by the main driving motor for the actual 
cutting operation. It consists essentially of a 
reciprocating tapering cylindrical cam, which is 
actuated indirectly by a magnet in the main motor 
circuit and controls the volume of oil delivered 
by a pump to the hydraulic motor driving the 
haulage drum. With this equipment a machine 
is able to work at its maximum cutting efficiency 
along a face, and at the same time, its picks 
and mechanism are protected against damage 
from overloading. Once the operator has set 
the machine for its maximum overall cutting 
speed this speed is automatically and propor- 
tionally regulated in accordance with coal seam 
conditions. When a hard section of face is 
encountered by the cutters, the haulage speed of 
the machine is reduced and again automatically 
increased to the preset maximum at the end of 
the section. 

One of the drives can be seen in a photograph 
reproduced on this page. It consists of a 
hydraulic pump driving a hydraulic motor 
through a closed hydraulic system. The pump is 
driven from the main motor of the machine and 
the haulage drum is geared to the output shaft 
of the hydraulic motor. The hydraulic pump 


comprises a twelve-cylinder, free-piston, rotating 
unit with centrally disposed inlet and outlet 
ports in its hollow shaft. Rollers on the outer 





Control end of coal-cutting machine fitted with hydraulic haulage drive. The crank handle is used 


ends of the pistons run on an annular track 
ring within the main casing of the pump, and 
sideways displacement of this ring controls the 
volume of oil delivered to the motor by lengthen- 
ing or shortening the effective stroke of the 
pistons. The ring has a movement of up to yin 
each side of the centre line, and according to 
the side to which it is displaced the hydraulic 
motor is driven clockwise or anti-clockwise, with 
a maximum piston stroke of fin. 

The hydraulic motor has a similar twelve- 
cylinder rotor, but its track ring is stationary 
and the piston stroke is fixed at jin. The pump 
delivers oil to the motor at a pressure ranging 
to a maximum of 1000lb per square inch 
(depending on haulage load), and when it is 
operating with maximum stroke, giving the 
maximum haulage speed, it delivers 32 gallons 
of oil per minute through the closed circuit. 

The degree of offset of the pump track ring 
is controlled by what is called the “* twin cam,” 
to be seen at the side of the pump in the illustra- 
tion. The ring, through the pump casing, is 
spring loaded in one direction, and the cam, 
through a pad and ball connection, displaces 
the ring against this spring pressure. The twin 
cam provides both the means of manual selective 
speed control and the automatic control whilst 
the machine is travelling along a face. This cam 
is in the form of an inclined cylinder having in 
cross section a rising cam profile on the circum- 
ference over the full length. By turning the cam, 
through a rack which is operated manually, 
the necessary degree of offset is imparted to the 
pump ring for the required motor speed. It will 
be appreciated that one longitudinal section 


both for setting haulage speed and reversal of the machine with reference to the indicator 
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of the cam cylinder is effective for the pump when 
delivering oil to drive the motor in a clockwise 
direction and the other side when driving in 
the opposite direction. Thus, when reversing 
the drive, the pump output is first automatically 
reduced to zero as the cam pushes the track 
ring over the centre position and then increased 
as the cam is turned to bring its opposite section 
into effect. 

Automatic speed control is effected by moving 
the inclined cam cylinder up and down to 
increase or reduce the effective cam diameter. 
For this purpose the cam body is bored to form 
a double-acting hydraulic cylinder with a fixed 
central piston. The admission of pressure fluid 





Hydraulic haulage drive equipment for coal-cutting 
machine. The vertically disposed ‘‘ Twin-cam ”’ 
can be seen at the left-hand side of the rotary hydraulic 


pump, and the reciprocating auxiliary pump for cam 
positioning below the main input shaft of the pump 


above or below the piston moves the body of 
the cam up or down. This fluid is provided from 
an auxiliary circuit at a pressure of 500 1b per 
square inch by the smaller of two cylinders of a 
twin-cylinder reciprocating pump coupled to the 
main drive. The oil is delivered through a 
pressure relief valve to a piston valve which is 
actuated by a magnet connected in series with 
the main electric motor of the machine and set to 
control the current input to the full-load current 
of the electric motor. The larger cylinder of 
the twin-cylinder pump delivers oil to the trans- 
mission for lubrication and is also used for 
operation of the “ ranging” jib of machines so 
fitted. 

With the magnet open, the piston valve is 
positioned to admit pressure fluid to the top of 
the cam, so that the latter is forced upwards, and 
in this position the setting gives the full pre- 
selected speed of haulage. When, as a result 
of cutting conditions, the full-load current of 
the motor is exceeded, the magnet closes and 
repositions the piston valve to admit pressure 
fluid to the bottom of the cam, which is moved 
downwards to displace the track ring and reduce 
the haulage speed. With this arrangement the 
coal-cutting machine speed is constantly and 
automatically controlled without need for adjust- 
ments on the part of the operator. In the event 
of untoward obstruction the machine operator 
can instantaneously disengage the drive by 
pushing in a plunger which by-passes the oil flow 
between the pump and the motor. 

This hydraulic drive can be fitted on all British 
Jeffrey-Diamond machines, and when used with 
drum propulsion in orthodox longwall working 
the operating speed is infinitely variable up to 
45ft per minute. In this case the maximum rope 
pull exerted is 12,000 Ib and the drum filled has 
a rope capacity of 50 yards of jin diameter rope. 
When used with conveyor mounted machines 
and capstan propulsion haulage speeds up to 
25ft per minute are available with a maximum 
tope pull of 25,000 Ib. 











THE ENGINEER 


Multiple-Unit Electric Trains on 
London Midland Region 





T= first of fifty-seven new three-car multiple- 
unit electric trains have just been placed 
in service on the Euston—-Watford and the 
Broad Street-Richmond services of the London 
Midland Region of British Railways. These 
new three-car trains each comprise a motor 
coach, a-trailer and a driving trailer coach. They 
are designed to seat 256 passengers—seventy-four 
in each of the open saloon front and rear coaches 
and 108 in the compartment centre coach. 
Up to three of these three-coach units can be 
coupled together to provide nine-coach trains. 

The coaches have been built at the Eastleigh 
works of British Railways and the complete 
electrical equipment has been supplied by The 
General Electric Company, Ltd. They are 
generally of B.R. standard construction. The 
four motors—two on each bogie of the motor 
coach—have a total one-hour rating of 740 h.p., 
and the units are designed to accelerate normally 
at 1-25 m.p.h.p.s. and balance at 63 m.p.h. on 
level track. 

Positive and negative shoe gear is provided 
on both bogies of the motor coach and on the 
bogie at the cab end of the driving trailer, all 
being interconnected by bus lines. On seven 
motor coaches a new design of shoe gear, shown 
in one of our illustrations, is fitted which has been 
developed to improve current collection, reduce 
wear and eliminate the noise emitted by normal 
types of gravity shoe gear when not in contact 
with the conductor rail. In this gear rubber is used 
both as a noise-damping and springing medium, 
Andre-Neidhardt units being employed at the 
joints of the links, which are arranged to rest on 
rubber cushions when in the released position. 
No shoe fuses are fitted, but each set of shoes is 
provided with an isolating switch of new design. 

Power is fed to bus lines which run throughout 
each unit and supply the four motors, the 
auxiliaries and the heaters. Bus line connections 
between coaches and units are made by jumpers 
and power receptacles, in which line contact 
with the plugs is obtained by the use of spring- 
loaded fingers. The ratings of a unit (four 
motors) are as follows :— 

Full field, | Weak field, 
hp. hp. 
a 

The two motors in each motor coach bogie 
are connected permanently in parallel and all 
are fed through a double-pole isolator. Either 
pair of motors can be cut out of circuit by a 
hand-operated switch. The motors are axle- 
hung and self-ventilated, drawing in air through 





protected openings on the tops of the frames, 
and drive the axles through gearing with a ratio 
of 16/74. All the main electro-pneumatic 
contactor control equipments, relays, motor 
isolator and motor cut-out switch are housed in 
three equipment cases on the motor coach 
underframe. The field control and reverser 
switches are air-powered, cam-operated groups 
employing contact elements of new design. 

By connecting the two groups of motors in 
series or parallel (simplex control), control is 
obtained with a single 
equipment, as compared 
with the two equipments 
required with individual 
series/parallel control of 
two pairs of motors 
(duplex control). The 
first master controller 
notch provides for shunt- 
ing movements, the 
motor groups being in 
series and all resistance 
in circuit. On the second 
notch automatic accel- 
eration to full series is 
effected. Bridge transi- 
tion and automatic accel- 
eration to full parallel 
under the control of a 
current limit relay takes 
place on the third notch, 
the resistance sections in 
each group being short 
circuited in pairs. In 
order to improve the 
balance of the bridge, 
one section of resistance 
which is in circuit on the 
first notch is not reinsert- 
ed at the transition stage. 
Further increase in speed is obtained by moving the 
controller to the weak field position, on which, 
under the control of a separate weak field relay, 
a portion of each field is first shunted by a 
resistance and the fields are finally weakened by 
tapping. 

There are two forward positions of the reverser 
handle, the first giving a rate of acceleration of 
0-92 m.p.h.s. and the second, by energising 
the shunt coil of the current limit relay through 
a resistance, giving the normal rate of 1-25 
m.p.h.p.s. A third rate is available for emergency 
use when starting on the 1 in 35 gradient of 
the Primrose Hill flyunder if a pair of motors 
has been cut out. It is obtained by placing the 
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reverser handle in the normal rate position and 
operating a push button to short circuit part of 
the resistance in series with the current limit 
relay shunt coil. When the motor cut-out 
switch is used to isolate either pair of motors, 
its contacts modify the control circuit so that 
all motors in the train accelerate to parallei 
irrespective of whether the controller is at series 
or parallel, and the weak field position is inopera- 
tive on the unit with isolated motors. On the 
affected unit, the normal notching of both groups 
of resistances is retained. 

Each overload relay has two trip coils, one 
being connected at each end of the associated 
motor circuit leg. In the event of an overload 
a protective resistance (which is not used for 
notching) is brought into circuit to limit the fault 
current before final rupture takes place. Contacts 
on the overload relays energise an indicator relay 
which latches itself in and causes an indicator 
lamp to light. The lamp remains alight, provid- 
ing the train line key is in position, after the 
overload relays have been reset from the driver’s 
push button. The unit in which the fault 
occurred can therefore be identified at the depot 
by reinserting the key, and after the defect has 
been cleared the indicating relay is reset by hand. 

A no-current relay is arranged to drop out 
the line switches and resistance contactors in 
case of an interruption of supply. If the inter- 
ruption is momentary and the controller has 
been left on any notch, the equipment notches 
up automatically to that position when power is 
restored. 

A motor generator set, compressor and battery 
are carried on the motor coach underframe. 
Provided the motor generator isolator is closed, 
insertion of the train line key energises the motor 
generator contactor and starts the set on the 
unit concerned. If the passenger lighting 
is switched on, a contact on the lighting 
set-and-trip relay energises the motor generator 
contactor coils in the other units. A battery 
floats across the 52V output from the motor 
generator set and is of sufficient capacity to 
supply the control load, and the essential lights 
of a six-car train for some two hours. Passenger 
lights are fed direct from the generator. 

A Westinghouse compressor in each unit 
provides the air supply for operating brakes, 





New design of shoe gear in which rubber is used as a noise damping and springing 
medium. The shoe is fitted with an isolating switch 


electro-pneumatic control gear, windscreen 
wipers and whistles. It is protected by an over- 
load relay with instantaneous trip to protect 
against motor flashover and a time delay trip 
to protect against a persistent heavy overload. 
In fifteen of the units the driving trailers are 
equipped with de-icing fluid reservoirs from which 
the fluid can be fed to the conductor rails via the 
shoe. gear.. The supply of fluid is controlled by 
electromagnetic valves and push buttons. A 
de-icing relay opens the circuit to the valves when 
a brake application. is made, and contacts oper- 
ated by linkage connected to the positive collector 
shoes break the circuit of the associated valve 
when its shoe is not on the conductor rail. 
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Track Recording Trolley for British 
Railways 


SELF-PROPELLED trolley which is equip- 

ped for detecting and recording all physical 
faults in rail track has been placed in service on 
the Eastern Region of British Railways. This 
trolley, supplied by Matisa Equipment, Ltd., is 
stated to be the first of its kind in use on British 
Railways, and it can be seen in one of the 
illustrations on this page. It enables irregu- 


larities in the track to be pin-pointed to within 
three or four sleepers so that maintenance gangs 


presses a button to indicate their position on the 
chart. 

As the recording vehicle travels along the 
track the measurements of the high and low 
points on each rail are a dependent variable of 
the vertical displacement of the detector wheel 
of one of the axles of the car in relation to a 
reference plane formed by the two auxiliary 
trolleys. The radii of curves are shown by the 
continuous recording of the versines measured 





Matisa track recording trolley with outrigger detector assemblies extended 


can go straight to places requiring attention 
without searching for defects, as was necessary 
before. 

The vehicle itself is of simple construction, 
carried on two axles and propelled by a 65 h.p. 
petrol engine giving a maximum speed of about 
30 m.p.h. in each direction of travel. As the 
vehicle runs along the track irregularities are 
detected by the combined movements of probes 
and wheel flanges carried on three sets of detector 
assemblies. One assembly is mounted between 
the axles of the vehicle, 
as shown in the second 
illustration, and one at 
each end on trolleys 
connected by outriggers. 
Normally, when survey- 
ing a track, the vehicle 
is driven at a speed of 
up to 15 m.p.h., and 
when travelling at higher 
speeds between working 
points, the outrigger 
assemblies are swung 
back and supported on 
the main body. 

The detector assemblies 
are connected through 
wire cables and mech- 
anical linkages to a series 
of pens on a recording 
instrument in the vehicle. 
This instrument contin- 
uously records the geo- 
metry of the track ona 
roll of paper, the speed of 
movement of which is re- 
lated to the speed of the 
trolley. On this paper 
there are recorded the 
following : high and low, points on both rails, 
versines of both rails (this record of the curvature 
of each rail independently shows up poor align- 
ment on straight track and irregular curvature 
on curved track) ; superelevation or cant of the 
track ; twist or skew; gauge variations and 
recording s . As the vehicle passes objects by . 
the side .of.the line such as, for example, mile 


Tracing wheels of 


posts, bridges; and tunnels which can be used for - 


identification purposes, the recorder operator 


over a chord of 10m. This 10m is the distance 
between the feeler wheels of the outrigger trolleys 
at each end of the vehicle, and the versine is 
measured by the detector assembly in the centre 
of the recording car. 

Rail cant is measured by displacement of a 
compensated pendulum, and to compensate for 
centrifugal force, which depends upon the speed 
of the vehicle, a correction table is provided for 
use with the value recorded on the chart. Skew 
is measured by the angle being produced between 





detector assembly between the trolley axles 


the two axles of the vehicle and gauge variations 
by the two feeler wheels of the central assembly 
on the trolley. 

Since the trolley has been in service detailed 
surveys have been carried out on a number of 
lines, and when a second vehicle is brought 
into use it is planned to survey all running lines 
on the Eastern Region at least once.a year. 
Important main lines will be checked two-or more 
times a year eventually. 
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Cam-Operated Vice 


A QUICK-ACTION cam vice with 4in wide jaws 
which can be opened up to a gap of 44in is now 
being made by Associated Steels and Tools 
Company, Ltd., Sedgley Street Works, Wolver- 
hampton. This vice, shown in the illustration 
below, has a moving jaw which is preset to the 
required gap by a screw operated in the normal 
way. Final locking of a workpiece between the 
jaws is effected by pressing a ball-ended lever at 





Quick-action cam-operated vice with a maximum jaw 
pressure of 1 ton 


the back of the moving jaw down through 
90 deg. This lever operates a cam pivoted at 
the rear of the jaw assembly, and the leading 
edge of the jaw moves into contact with and 
rigidly clamps the work with a preset load 
determined by the main screw setting. 

Once the setting of the moving jaw has been 
determined workpieces are clamped and un- 
unclamped quickly and easily for repetition 
machining by operation of the cam lever. The 
clearance given between the jaws, when releasing 
the locking cam, is stated to be sufficient for the 
ready admission and removal of components. 
The maximum pressure which can be exerted on 
work by the cam-operated jaw is about 1 ton. 





400kV Power Transformer 


A NEW design of power transformer suitable 
for transmission voltages between 400kV and 
500kV has been produced by the British 
Thomson-Houston Company, Ltd., Rugby. In 
the accompanying illustration this transformer is 





Single-phase B.T.H. power transformer for 400kV 
undergoing short-circuit tests at the laboratory of the 
Switchgear Testing Company, Ltd., Trafford Park 
















Unusual 
Aerodynes 


The original Sikorsky ‘‘S.58°’ had a_ nine- 
cylinder radial giving 1525 h.p. at 2800 r.p.m. for 
take-off, and weighing about 1400lb. The 
machine seen in the accompanying picture has 
had a Napier ‘‘ Gazelle ’’ N. Ga. 11 installed, with 
a one-hour rating of 1100 h.p. at 3000 r.p.m. and 
a weight of about 800lb. The gas turbine 
dispenses with the need for a clutch and reduces 
the input of vibration to the rotor system. The 
Westland *‘ Wessex,”’ for which this machine is 
now flying as a prototype, will have a ‘‘ Gazelle ”’ 
N. Ga. 13 with a maximum of 1450 h.p. and will 
be supplied to the Royal Navy. The ‘‘ Gazelle ”’ 
was illustrated in these pages on May 3, page 690 
























































The delta’wing, which bears the appropriate name 
of ‘* Puffin,”’ is inflated to 4 lb per square inch 
and is built of rubberised cotton, with spanwise 
diaphragms of unproofed material ; a battery 
driven pump is carried in the aircraft, but on the 

the wing is blown up in about ten minutes 
by a large centrifugal pump attached to a trunk 
seen folded away behind a fabric flap at the tip. 
The load in the fabric is about 16 Ib per inch, and 
the strength of the material limits the machine 
to about 2}¢; it is considered that this is 


prone either to stretch or, if not woven, to 
catastrophic failure. The plan form is a delta 
and the section a modified N.A.C.A. 0024. The 
simple cord linkage to the elevons, which are 
stiffened by a wooden rib in the lower surface, 
can be seen : the weight of the aircraft is taken 
largely by nylon flying bracing. At the centre 
section the wing is mounted on a 
beam, which has a crosspiece immediately above 
the propeller disc. If one section of the wing is 
ruptured, it is claimed that a landing could be 
made before the wing became unsafe if the initial 
height was not greater than 500ft 
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The M.L. utility aircraft was developed to meet 
a Ministry of Supply requirement for a machine 
easily portable from one flying field to another. 
The machine seen here weighs 515 lb dry. The 
maximum speed is nearly 60 m.p.h. and cruising 
is at 30 m.p.h., with fuel for 24 hours. The gross 
weight is 1000 lb and take-off to 50ft is 165 yards. 
Control is by elevons only, and elevator power is 
not sufficient to stall the machine: it lands at 
little more than 30 m.p.h. The engine is a 
Walter ‘‘ Mikron,’’ derated to give 35 h.p. 
continuously ; the pusher installation has called 
for a fuel containing alcohol and the prominent 
air scoops, while the pilot’s instruments consist 
largely of cylinder head temperature gauges. 
The fuel tanks are slung directly from the wing 
and connected by self-sealing couplings. The 
nose wheel of the undercarriage is steered by the 
pilot’s feet, and there is a brake on the rear wheels 
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1own undergoing short-circuit tests at the 

witchgear Testing Company, Manchester. It is 

single-phase transformer for 50 c/s operation 
nd is contained in a new form of steel tank, the 
veight of which has been reduced by a third as 
ompared with conventional designs. 

The windings were designed for auto-con- 
nection and are of fully-shielded concentric-layer 
arrangement. Provided with cylindrical electro- 
static shields, the design is such that impulsive 
voltages are uniformly distributed through both 
the higher voltage and lower voltage wind- 
ings under all operating conditions, irrespective 
of which terminals receive the voltage impulse. 

Proof of the winding design was obtained from 
a full series of impulse and power frequency tests, 
during which full-wave tests at 1425kV crest 
value, chopped-wave tests at 1640kV crest value, 
and power frequency tests at 700kV r.m.s. for 
one minute were applied to the higher voltage 
terminal ; corresponding tests were also applied 
to the lower voltage terminal. 

The mechanical strength of the windings was 
tested at the testing station in Manchester, where 
the transformer successfully withstood through- 
fault currents up to thirteen times the con- 
tinuous rated value. 

The transformer tank was given oil pressure tests 
and was found to withstand without permanent 
distortion and without any temporary bracing the 
application of an internal pressure of 15 lb per 
square inch gauge, showing that the saving of 
weight mentioned above was not achieved at the 
expense of the mechanical strength of the tank. 
A full series of temperature tests was taken on 
both the windings and the core covering a range 
of current and flux densities considerably greater 
than normal. 





Forced-Oil Air-Blast Transformer 
Cooler 


WE illustrate a prototype forced-oil air-blast 
cooler developed by the British Thomson- 
Houston Company, Ltd., Rugby, for use on sites 
where space is very restricted. It is intended for 
mounting directly on to the transformer tank end 
or side, with considerable saving in space. 
Another advantage is that in many instances 
it should be possible to despatch a complete 
factory-assembled unit comprising transformer 
and cooler, thereby reducing site erection work. 

The cooler is designed to dissipate 100kW with 
a maximum temperature rise of 40 deg. Cent 
above ambient. A single unit will thus be suit- 
able for transformer ratings up to approximately 
ISMVA. Two or more cooler units in parallel 
can be used for larger transformers. 

The cooler consists essentially of a sheet steel 





Internal arrangement of forced-oil air-blast cooler for 

transformers. This cooler can dissipate 100kW with 

40 deg. Cent. temperature rise and is suitable for 
transformers up to 15MVA rating 
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cubicle containing the cooling elements, made 
of non-ferrous metal, and a hinged door which 
carries the three fans, the design of which has 
been given special attention to reduce windage 
noise. Control gear is housed in a compartment 
built into the main cubicle. 

The prototype equipment is designed with 
three two-speed fans and a single-speed oil pump 
driven by a B.T.H. oil-immersed ‘* KO ” motor. 
With the two-speed motors a dual cooler rating of 
70kW and 100kW can be achieved, and at these 
ratings the total power inputs to the cooler 
motors are about 3kW and 5kW respectively. 
Further developments envisaged include the use 
of a change-pole oil-immersed pump motor 
which will give dual cooler ratings of 50kW and 
100kW, with total power inputs of 14kW and 
5kW respectively. In practice this dual rating 
will enable the fan motors to run continuously at 
half speed when the transformer is lightly loaded, 
and it is believed that the motors will then prove 
even more reliable than in the conventional 
ON/OFB cooling arrangement, where fan motors 
are likely to stand idle, cold and subject to con- 
densation during severe weather conditions. 

The equipment is complete with its own 
control contactors, overload relays, fuses, &c., 
each fan motor being separately protected so 
that should one fan motor be out of service the 
operation of the other two is unaffected. If two 
or more cooler equipments are fitted to a 
transformer, the control devices can be con- 
veniently grouped, if so desired, in a common 
control cabinet together with other auxiliary 
services. 





Military Aircraft Developments 


Some details have been disclosed of two new 
aircraft for military missions. One is an early- 
warning version of the Fairey “‘ Gannet”’: the 
first prototype of the “‘ Gannet ’”’ A.E.W. Mk. 3 
is now under construction. It has a radar 
installation in a very broad streamlined shell 
below the fuselage just aft of the nose wheel 
doors: only one cockpit appears, and the 
exhaust ducts of the Armstrong Siddeley 
** Double Mamba ” leave the fuselage just abaft 
the cockpit and curve under the leading edge. 
These changes (the earlier configuration was 
illustrated on page 324, September 5, 1952) are 
presumably made to allow access to the very 
great quantity of apparatus that will be needed 
if all information is to be telemetered to ships or 
other aircraft. It is claimed that the radar 
discrimination is sufficient to observe a sub- 
marine running submerged on a “ Schnorkel.” 
Production orders have been placed for the 
Royal Navy, which at present is using Douglas 
** Skyraider ’’ early-warning aircraft. 

The Bristol 192 helicopter, in production for 
the Royal Air Force, has two Napier “* Gazelle ”’ 
engines of 1300 h.p. one-hour rating (see also 
facing page). The gross weight is. 18,000 lb and 
the cruising speed 120 knots. The loads may vary 
from eighteen fully armed troops travelling 250 
nautical miles to twenty-five men for a short 
assault flight. Twelve stretcher cases and three 
sitting wounded can be carried. Burdens up to 
5250 Ib can be carried slung from a strong point 
under the fuselage, and loads up to 600 Ib can be 
winched into the machine in flight. The winch is 
on the inside of an upward-opening door. 

The rotors have four blades each and a dia- 
meter of 48ft 8in: they run up to 270 r.p.m. 
They are linked together by a drive shaft 


running within the top of the fuselage, which’ 


maintains the phase relationship between them 
and allows powered flight to be continued 
after an engine failure, in which case an emergency 


rating of 1650 h.p. is invoked on the remaining: 


unit: the engines are not normally required 
to give more than 920 h.p. For operation in 
gusty winds the rotors are fitted with centri- 
fugally operated droop and coning stops for 
starting up and running down, and a hydraulic 
brake able to arrest the rotors from 100 r.p.m. in 
sixteen seconds. The blades have electric de- 
icing. 

Without forward speed, the maximum rate of 
climb is 500ft per minute and ceiling 8000ft : in 
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normal flight the maximum climb is 1175ft per 
minute and the service ceiling 13,250ft. The fuel 
consumption at full power, which is also con- 
tinuous cruise, is 12 1b per nautical mile. 





Engine Starting Aid 

A LOGICAL attack on the problem of the need 
for a high battery capacity to motor a cold engine 
has been announced by Power Frequency Heat- 
ing, Ltd., Alexandra Road, Hounslow, Middx. 
A starting aid has been evolved which both 
reduces the current draw of the starter motor and 
ensures that the battery is adequately charged. 
The system is self-contained, requiring only to 
be connected to an a.c. mains supply. 

The essential feature of the installation is a 
step-down transformer, the core of which is not 
laminated, but formed of a steel tube, so that 
eddy current losses are high. The tube is cooled 
by attaching both ends to the sump of the engine 
below oil level, inclined at an angle to secure 
thermo-siphon circulation. Thus the oil is 
heated without any elements or leads entering 
the oil. The unit is insulated to prevent heat 
losses from the outer surface. The transformer 
output is carried to a full-wave rectifier, and the 
secondary circuit is so designed that the no-load 
voltage corresponds to the fully charged battery 





A ‘* Peregrine ”’ 


charging transformer attached to 
the sump of a ‘‘ Thames” diesel engine: the 
transformer is cooled by convective oil circulation 


potential ; the charging circuit is thus inherently 
self-regulating. It is interesting to note that 
since the core has a positive temperature resist- 
ance coefficient, the heating effectiveness rises as 
the temperature falls. No part of the circuit 
attains a temperature high enough to limit its 
life, and the device is guaranteed for ten years : 
the maximum metal temperature of 180 deg. 
Fah. will not cause oxidation of the oil. 

The power factor is never worse than 0-92. 
The two transformer windings are completely 
separate, in order to avoid any possibility of 
raising parts of the vehicle or plant to mains 
voltage. The power consumption is 200W on the 
lin bore unit, 100W on the 3in, and 65W on the 
tin ; oil temperatures of 120 deg. to 150 deg. 
Fah. are maintained with, of course, a dispro- 
portionately large reduction in viscosity. A 
certain amount of heat will be transferred to the 
cylinder block and other parts, but losses to the 
cooling system are not severe, this system is, 
clearly, applicable to air-cooled engines, and can 
be used with water-cooled engines which have 
been drained as a frost precaution. For use 
on industrial plant which is run at low voltages 
for safety reasons, a 50V system has been 
designed. 

The eddy current heater is known as the 
“Peregrine,” a reference to Peter Peregrinus, 
author of the Epistle on the Magnet, a.v. 1269. 
We are informed that, when energised, it acts as 
a magnetic filter capable of arresting both para- 
magnetic and dia-magnetic particles, so that 
white metal as well as ferrous swarf will be 


trapped. 








Engineering and Shipbuilding Wages 

On Thursday of last week, at a 
meeting between the Engineering and Allied 
Employers’ National Federation and the 
Confederation of Shipbuilding and Engineer- 
ing Unions agreement was reached on wages 
in the engineering industry. The terms of 
the agreement include wage increases of 11s. 
a week for skilled men, 10s. for semi-skilled, 
and 9s. for unskilled men throughout the 
engineering industry. The increases start 
this week, and are approximately 64 per cent 
on existing rates. 

The unions have given undertakings that 
they will not make another wage claim for a 
year, that they will endeavour to stop 
unofficial strikes and embargoes on overtime, 
that they will encourage the acceptance of 
new machines and techniques, and that they 
will also encourage their members to observe 
strictly the times appointed for starting and 
stopping work. These undertakings, it will 
be recalled, are in line with a recommendation 
made by the Court of Inquiry which examined 
the circumstances of the engineering wages 
dispute. The Court suggested the alternatives 
of an 8s. 6d. a week increase without con- 
ditions, or lls. with conditions miuch the 
same as those now agreed. The court took 
the view that the principles embodied in the 
conditions were in no sense prejudicial to 
the interests of the unions and their members. 
If accepted and operated in good faith, the 
court stated: in its report, they should con- 
tribute .to the economic improvement of the 
industry and “ offset wholly or in part the 
rise in labour costs” which might result 
from the proposed increase in wage rates. 

The wage dispute in the shipbuilding 
industry remains to be settled. There is to 
be a meeting between the Shipbuilding 
Employers’ Federation and the Confederation 
of Shipbuilding and Engineering Unions next 
Monday. One of the unions prominently 
concerned, the United Society of Boiler- 
makers, has been holding its annual con- 
ference this week. During its discussions, 
there has been no indication that the union 
is prepared to consider a wage increase with 
“ strings ” attached. 


Overseas Trade 


In a survey of Britain’s overseas trade 
in April, the Board of Trade says that the 
value of exports, at £272,200,000, was 24 per 
cent below the monthly average for the first 
quarter of the year. This, it is stated, was 
rather a bigger fall than would normally have 
been expected on seasonal grounds, when 
account is taken of the Easter holiday break. 

The commodity pattern of exports in 
April showed very little change. Although 
the overall decline in exports was 2} per cent, 
exports of engineering products were 1 per 
cent up, and there was no evidence that the 
strike in parts of the engineering industry at 
the end of March had much effect on over- 
seas shipments in April. Within the engineer- 
ing group, the Board of Trade says, the 
recovery in the export of cars continued 
during April. The ships and boats division 
included a sum approximating £6,000,000, 
marking the recent delivery of the “‘ Empress 
of England ” to Canadian ownership. Exports 
of steel continued to rise in April; in the 
first four months of this year they were 
27 per cent higher in value than in the 
comparable period of 1956. Exports of non- 
ferrous metals in April, however, dropped 
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sharply from the high level achieved during 
the first quarter. Re-exports in April dropped 
to £8,600,000, or one-third below the monthly 
average for the first quarter. 

Imports in April were valued at 
£349,700,000, which was £12,000,000 below 
the March figure, but only 1 per cent below 
the monthly average for the first quarter 
(which was inflated by the carry-over from 
1956 of imports delayed by the diversion of 
shipping). Imports, therefore, maintained 
the significant increase over last year’s general 
level, an increase which became apparent in 
the first quarter. In the first four months of 
this year, the Board of Trade notes, the value 
of imports was 74 per cent higher than in 
the corresponding period of last year. About 
one-third of the increase, it is believed, was 
caused by delays to shipping, and most of 
the remainder to higher prices and freight 
charges. In the last couple of months par- 
ticularly as a result of the recovery in 
petroleum arrivals, it would seem that the 
total volume of imports has also been rising. 


Dollar Exports 


A series of conferences in various 
industrial centres in this country has recently 
been conducted by Mr. Morrison Johnson 
and Dr. Robert Seymour, who are authorities 
on American marketing methods. The con- 
ferences have been arranged by the Dollar 
Exports Council, in co-operation with the 
British Export Trade Research Organisation 
and the European Productivity Agency. The 
main emphasis at these conferences was on 
the importance of market investigation 
techniques. 

Mr. Morrison Johnson and Dr. Seymour 
spoke last week, in London, about the value 
of these conferences ; both expressed their 
conviction that exports of British goods to 
the dollar markets could be considerably 
increased. Mr. Johnson stressed that it was 
for managements to decide what the potential 
was for their products in particular markets 
and then to decide to commit adequate funds 
for market investigation, product develop- 
ment for the market, and sales promotion to 
meet company objectives. Dr. Seymour said 
that the conferences had revealed to him that 
British manufacturers of capital goods and 
industrial products exported with “ tre- 
mendous skill to all foreign markets.” Lead- 
ing companies in Britain, he continued, were 
fully aware of the up-to-date marketing 
practices used throughout the world and 
some of them made full use of the most 
modern techniques. But, Dr. Seymour 
added, there appeared to be many business 
men who were not sure how to approach 
marketing research, thinking perhaps that it 
consisted of “‘ a single project done once for 
all.” There was no doubt, Dr. Seymour 
observed, that a company had to learn to 
live with research as a valuable aid to judg- 
ment and direction of sales effort. Effective 
research in competitive markets was often the 
price of success. 


_ Materials Testing Mission to the U.S.A. 


An announcement has been made 
about a proposed mission to study materials 
testing in the U.S.A. The purpose of the 
mission, which is being organised by the 
European Productivity Agency, is the collec- 
tion by experts from a number of West 
European countries of the fullest and most 
detailed information on the latest techniques 
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and equipment used in American industr; 
for testing and inspecting materials in course 
of manufacture in the engineering and elec- 
trical industries. Information about tests 
carried out in the metallurgical industries 
during the last stages of processing the 
products of those industries before they reach 
the engineering and electrical industries is 
included. It is stated that particular attention 
will be paid to non-destructive testing 
methods, though testing to destruction will 
also be studied. Although the main con- 
centration will be on ferrous and non-ferrous 
metals, it is hoped that there will be oppor- 
tunities for studying the testing of plastic 
materials or chemical products. 

The programme in the U.S.A. is pro- 
grammed to last five weeks, starting at the 
beginning of October next, in order to enable 
members of the mission who wish to do so 
to take part in the Second World Metal- 
lurgical Congress to be held in Chicago from 
November 2 to 8. The mission is to be 
limited to thirty people, who should include 
experts on laboratory tests and research, 
experts on the practical application of tests in 
industry and manufacturers of testing equip- 
ment. The mission is to be self-financed, 
members being responsible for their travelling 
expenses and the cost of their stay in the 
U.S.A. Applications to participate in this 
mission have to be submitted to the European 
Productivity Agency by June 8. Requests for 
application forms and further information 
should be addressed to the Engineering 
Industries Division (Branch E.I.D.1 (a), 
Board of Trade, Horse Guards Avenue, 
London, S.W.1 (telephone, Trafalgar 8855, 
Extension 7507). 


Motorised Pedal Cycles 


The British Cycle and Motor Cycle 
Industries Association has made a study of 
the development of the motorised pedal 
cycle, since the rejection by this country of 
the definition agreed by the United Nations 
Conference on Road and Motor Transport 
at Geneva in 1949, that vehicles which were 
essentially bicycles with engines of less than 
50 c.cm. were not motor vehicles. The result 
of this, and the purchase tax—at present 30 
per cent—on such machines, has been a very 
limited demand for “ mopeds,” there being 
about 250,000 against forty times that number 
of bicycles. In contrast, in France, where the 
definition is applied, although headlamps are 
limited to 15W, there are nearly 3,000,000. 
In other European countries the “‘ moped ” 
has preferential treatment to motor-cycles 
proper, there being no driving test nor, 
except in Austria, need for a driving licence 
in the larger countries. 

In some of these countries, however, 
cycles are required to use the cycle tracks, 
and “ mopeds ” may need to be either taxed 
or insured. It is observed that, even if an 
age limit were imposed upon users, there 
would follow from the adoption of the agreed 
definition a greater mobility for work and 
leisure, a lessening of traffic and parking 
congestion, and, provided the age limit was 
less than sixteen, a logical machine for con- 
version from pedal to motor-cycling. The 
effect on road accidents is considered, and 
the report concludes that, even as cycling in 
childhood is beneficial, so would be the wider 
use of smaller motor-cycles. An incidental 
asset from the higher level of ability prevailing 
would be a lessening in the demand for 
driving tests. 
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Russian Water Power 


The report of the delegation which visited the U.S.S.R. last year to study hydro- 
electric technology was discussed at a meeting held at the Institution of Civil 
Engineers on Monday, May 20. The report is a lengthy document and only the 


last section—a general summary and conclusion—is printed here. 


Editorial 


comment, however, is published on page 820. 


T= importance of adequate electricity supplies 
and of the contribution to them which might 
be made by developing the water power resources 
in the many rivers of the U.S.S.R. appears to 
have been well appreciated from the earliest days 
of the present régime. The latest surveys indicate 
that the theoretical gross potential of water 
power is approximately 3000 billion kWh per 
annum. This figure is based on the full water 
flows and the total head of the 1500 or so rivers 
examined. It is recognised that for various 
reasons it is impracticable fully to develop this 
theoretical potential and it has been assumed that 
on average approximately 50 per cent could be 
developed. On this basis the total practical 
availability in the Union would be 1500 billion 
kWh. 

Of this total approximately 80 per cent is in 
Asiatic Russia and only 20 per cent in European 
Russia, where the larger part of the population 
is situated. The development of the latter has 
naturally been given preference, but with the 
growing development of the mineral resources in 
Asia the construction of a number of major 
schemes is proceeding there and many others are 
planned. 

The potential capacity of 1500 billion kWh 
per annum should be compared with the total 
yearly production of kilowatt-hours for supply 


to existing systems. In 1955 the total production 
in the U.S.S.R. was 170 billion kWh, of which 
the Ministry of Power Stations supplied 124 
billion, the remainder being supplied by industrial 
and other stations supplying isolated establish- 
ments. Of the 124 billion, hydro stations con- 
tributed 23 billion—about 13-6 per cent of the 
total of 170 billion. By 1960 it is expected that 
the total production will be 320 billion, to which 
hydro power will contribute 59 billion, or 18-5 
per cent. Even in the latter year the undeveloped 
hydro resources will still be four and a half times 
the total electricity requirements and only 4 per 
cent of the potential hydro resources will have 
been developed. 


DEVELOPMENT 


The most spectacular developments seen by 
the delegation were those on the rivers Volga and 
Dnieper, particularly the former. This river 
(including its main tributary, the Kama) is 
planned to have a total of twelve generating 
stations with an installed capacity of 10,264MW 
and an annual production of more than 50 billion 
kWh per annum. Seven of these stations are 
already operating and by the end of 1960, eight 
will be fully commissioned with a total capacity 
of 6324MW whilst three others will be in con- 
struction. Two of the stations, Kuibishev— 
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2100MW—and Stalingrad—2300MW—will be 
the largest capacity hydro-electric stations in 
the world. When this development is completed 
over 3000km of the Volga, plus 1200km of the 
Kama, will have become a series of lakes over 
which quite large vessels can pass. The Volga 
discharges into the land-locked Caspian Sea 
and the 101km canal between the Volga and the 
Don will not only permit interchange of shipping 
between these two rivers, but will also provide 
deep-water transport from the extensive and 
important area served by the Volga to the Black 
Sea and through that to the Mediterranean. 
The development of the River Dnieper is similar, 
but not quite on such a large scale. 


The delegation was not able to visit any of the 
hydro-electric stations in or to the east of the 
Ural Mountains, but they were given information 
of some of these developments. It has already 
been mentioned that the hydro-electric potential 
—like the area—of this part of the country is 
four times that of European Russia. It is natural, 
therefore, to expect there stations of still larger 
capacity. In fact, the station at Bratsk—now in 
construction—on the River Angara, will have 
individual units of 200MW and a total installed 
capacity when finished of 3200MW. It will be 
matched by the Krasnoyarsk station on the 
River Yenesei, which will have units of 300MW 
and a total capacity of 3600MW. 

Although on a smaller scale, the Lake Sevan 
scheme in Armenia is perhaps more interesting 
in its novelty. It will only have a total capacity 
of 600MW divided between eight stations on 
the River Razdan, but by deliberately lowering 
the level and thereby reducing the area of the 
lake supplying the cascade it will make available 
between five and seven times as much water 
for power and, still more important for this arid 
area, for irrigation. 
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o Substations and interconnecting points. 


——~-—— Transmission lines used jointly for electricity supply 
and railway. 








Areas of supply and high-voltage transmission system which is is proposed to develop by 1965. At present there are five separately interconnected systems. The 


first 400kV a.c. line between Moscow and Kuibishev is completed. 





The proposed d.c. line between Stalingrad and the Donbas area will be experimental 
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CONSTRUCTION OF HyDRO-ELECTRIC STATIONS 

The hydro-electric development schemes in 
the U.S.S.R. are generally multi-purpose, embrac- 
ing, in addition to electricity generation, naviga- 
tion, irrigation and water supply. The problems 
are very varied, with such factors as flat gradients, 
wide estuaries, great variations in flows, main- 
tenance of navigation, mobile beds, and soft 
ground predominating. Technical solutions aim 
at using local materials and at achieving by 
much careful study designs for foundations on 
very fine sands and silts. For such cases, the 
object is to get as uniform a pressure on the 
foundations as possible and in the studies which 
are made settlements are predicted by means of 
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on research into matters concerning hydraulics 
and directly associated work. The first two 
belong to the Ministry of Power Stations, whilst 
the third is part of the Armenian Academy of 
Sciences. The staffs employed in these are 
respectively 650, 570 and 190, a relatively high 
proportion being women scientists. Extensive 
research laboratories are apparently also main- 
tained by a number of other bodies, all of whom 
are concerned with some aspects of hydro- 
electric work. It was not at all clear that there 
is effective machinery for co-ordinating 
research work and avoiding duplication. Those 
with whom this aspect was discussed claimed 
that liaison on basic research is obtained by 


Min. Level 86 





Molotov power station on the Kama River is in service with twenty-four 21MW sets installed. It is note- 


vex on bord ed the power station roof as a spillway, 


this arrangement resulting in a reduction of 190m 


in the length of the concrete construction, it is claimed. Two submerged, semi-axial flow sets are installed 


extensive soil mechanics studies and tests. 
Actual settlements are allowed for by making the 
structures articulated and by providing bitumen 
joints. Settlements of as much as 50cm have 
been experienced without causing any trouble, 
and foundation pressures as high as 8 kg per 
square centimetre have been adopted on such 
soils. 

Multi-purpose schemes are generally low head 
with very large power units. As there is usually 
considerable floating matter to be dealt with, 
large trash racks on independent foundations 
well upstream from the turbine intakes are 
generally provided. Ground sluices with inverts 
approximately at the same level as the turbine 
intakes are extensively used to meet flood dis- 
charges, thereby cutting down the length of the 
spillway section. 

During the period 1946-50, 94,000,000 cubic 
metres of earthworks and 2, 700, 000 cubic metres 
of concrete were placed in hydro-electric con- 
struction. For the corresponding period 1956-60, 
these figures are expected to become 880 million 
cubic metres of earthwork, 38,000,000 cubic 
metres of concrete, and 1,930,000 tons of steel. 

In view of such vast developments, the members 
of the delegation were disappointed not to have 
seen during their tour extensive earthworks or 
concreting actually being carried out. Even at 
Stalingrad nothing was seen of the suction 
dredgers placing hydraulic fill and the concrete 
work was not in full operation. In the Industrial 
Exhibition at Moscow a dragline bucket, capacity 
20 cubic metres, formed one of the exhibits, 
but the machine for operating it was not on view. 

This report cannot therefore comment ade- 
quately on the efficiency of the plant and methods 
employed. It appeared, however, from what was 
seen and the information given by Soviet 
engineers that construction methods differ littlé 
from those employed in modern practice else- 
where in the world. The fullest possible use is 
made of mechanisation and very careful study 
is given to constructional planning. Good 
examples of this are given by the amount of pre- 
fabrication employed in producing such items 
as concrete facing slabs, welded reinforcement 
units, and cofferdam panelling. The general 
conclusion reached is that Russian engineers 
are not lacking in engineering ability when dealing 
with the varied problems met with in river control 
and development works. Nor are they lacking 
in courage and ingenuity in planning and con- 
structing structures on permeable foundations 
and made up ground. 


RESEARCH 


The delegation visited three separate research 
establishments at Leningrad, Tushino (Moscow) 
and Erevan, all of which are engaged exclusively 


the regular circulation of reports and periodical 
meetings. Although it appeared that a certain 
amount of overlapping was inevitable in such an 
organisation the delegation was left with the 
firm conviction that those concerned with hydro- 
electric work were well served by these labora- 
tories, a uniformly high standard of research 
being maintained. 


MANUFACTURE OF PLANT 


At the stations visited in Armenia and Georgia 
it was noted the parts of the plant, including the 
transformers and switchgear, were manufactured 
in Sweden, parts in Austria and the rest in the 
U.S.S.R. The first three turbo-generators in 
the Dnieper station were purchased from the 
G.E.C. in America. It is understood that imme- 
diately after the war there were considerable 
purchases from abroad, possibly with preference 
for occupied countries such as Austria, but that 
since Russia itself began to recover normal pro- 
duction the bulk of the equipment required has 
been manufactured in the country. Certainly 
the large turbines and generators required for 
the newer Volga stations and those in Siberia, 
such as Bratsk and Krasnoyarsk, are being made 
in Russia. 

The delegation was able to visit only two 
manufacturing works, one making turbines, 
both thermal and hydro, and the other making 
generators. These works were both in Leningrad 
and were both old works, though equipped with 
many new and up-to-date tools. There has, 
however, since the war been considerable con- 
centration of industry in Sverdlovsk and the 
Urals generally, and there was some evidence 
that this area had preference in the delivery of 
new and modern machine tools. There can be 
no doubt that the Russian industry is well capable 
of designing and making all the types of plant 
it is likely to require. 

Much effort has been made to simplify designs 
in order to save material and construction time. 
Two interesting examples were the use of water- 
lubricated rubber-lined lower guide bearings 
for turbines and the method of supporting the 
thrust bearing assembly on a fabricated skirt 
sitting on the top cover of the turbine. Interest- 
ing new submerged installations for large horse- 
power Kaplan turbines have also been developed. 

Nevertheless, the Soviet engineers are extremely 
eager to exchange experiences with Western 
engineers. There is no doubt that such inter- 
change would not be a completely one-way 
arrangement. Soviet engineers have had many 
design troubles, some of a kind which have been 
experienced by British, Continental and American 
engineers and some rather special to the methods 
of Russian working. They have, nevertheless, 
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been most successful with the projects they hay. 
attempted and they are obviously backed wit); 
sufficient technical know-how and experience t: 
enable them to deal with any difficulties o- 
troubles which might arise. 


Ninth International Fair at Liége 


The ninth International Fair took place a 
Liége during the period April 27 to May 12. A 
usual, the four principal sections (represented ii: 
the Fair’s initials, MMME), Mining, Meta! 
lurgy, Mechanical and Electrical Engineering 
formed the centre of interest. In addition, ther: 
were special exhibitions, one showing the develop 
ment of .the Belgian Congo and of Ruanda 
Urundi, the other showing the application o' 
electricity in the home. 

The Colonial exhibition, which occupied most 
of Hall 3, gave a historical and economic survey 
of the Belgian work in Africa. Information was 
provided by the Public Relations Office of the 
Colonial Office. A 250-seat cinema was avail- 
able for the showing of films depicting life in the 
colony. 

This year there occurs the centenary of the 
Journal of the Association des Ingénieurs Sortis 
de l’Ecole de Liége (A.I.Lg.) the Revue Universelle 
des Mines. In this connection the Association 
organised a three-day congress, from May 6 to 
May 8, with the theme “ Scientific Research and 
Industry.”” The object of the congress was, on 
the one hand, to define the methods and aims of 
scientific research in Belgium and in the Congo, 
and, on the other hand, to draw parallels with 
similar developments abroad. Among the chief 
participants were the Centre National de 
Recherches Métallurgiques (sections Liége and 
Hainaut), which showed within the framework of 
the Fair the whole range of its work, from the 
dressing of ores through all the stages of manu- 
facture ; notable exhibits here were the modern 
control instruments which were shown in 
operation. 

An exhibition was held by the Association 
Belge pour da Developpement Pacifique de 
l’Energie Atomique. One section of this exhibi- 
tion dealt briefly with the underlying physical 
facts and theories, while another section was 
devoted to the contribution made by Belgian 
organisations and firms. The exhibits included 
a panorama of the installations at the Belgian 
atomic centre at’ Mol, dnd several models of 
atomic reactors. 

The Société d’Etude et Expansion de la 
Television (S.E.E.T.V.), in collaboration with 
Bonn University, arranged a special exhi- 
bition to mark the centenary of the birth of 
Heinrich Hertz, and the seventieth anniversary 
of the discovery of photo-electricity. 

Other organisations which took part were the 
Union Generale Belge d’Electricité, the Union 
des Centrales Electriques de Hainaut (electric 
power and electronics research), the Applied 
Sciences Faculty of Liége University, the Faculté 
Polytechnique de Mons, and the Applied Science 
Faculty of Brussels University, the Federation 
de TJIndustrie Charbonniére, the Institut 
National de |’Industrie Charbonniére, the Insti- 
tut d’Hygiéne des Mines, and the Centrale de 
Frameries-Paturages. 


Self-Contained Portable Loudhailer 


A loudhailer which is a complete self-contained 
unit is being made by Den Norske Hoyttaler- 
Fabrikk A/S, Kragero, Norway. The model 
“DNH Voicemaster” is equipped with tran- 
sistors and is stated to have a very small current 
consumption, so that the four 3V standard torch 
batteries which power the instrument are sufficient 
for 10,000 calls, each of ten seconds duration. 
The loudhailer has an output of SW and weighs 
2:2kg. Its overall length is 30cm, and the horn 
diameter is 20cm. The central handle contains 
the batteries and trigger switch, and the micro- 
phone is mounted in the cusp end of the loud- 
speaker horn. Practical tests are stated to have 
shown that there was good audibility of words as 
well as four-figure numbers over a distance of 
960m in a lateral wind of 3m to 4m per second. 
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8000-Ton Extrusion Press 


An extrusion press capable of developing up 
to 8000 tons pressure, and said to be one of the 
largest of its kind in Europe, has recently been 
installed in the works of Aluminium-Walzwerke 
Singen G.m.b.H., Singen/Hohentwiel, German 
Federal Republic. Together with its auxiliary 
equipment, it constitutes a manufacturing unit 
for the production of slabs, bars, sections and 
tube, of aluminium and non-heat-treatablc 
aluminium alloys. 

The press, which is illustrated above was 
built by Hydraulik, Duisburg. It has an 
inner and two outer working cylinders and can 
be operated in three stages. In stage I, 3000 tons 
are developed by admitting high-pressure water 
at 315 atmospheres gauge to the outer cylinders, 
while the central cylinder is supplied with low- 
pressure water at 4 to 5 atmospheres gauge. Stage 
II, 5000 tons, is obtained by admitting high- 
pressure water to the central cylinder only, and in 
stage III, 8000 tons are generated by means of 
high-pressure water in all three cylinders. 

The overall length of the press is 45m, to which 
is added a 50m long bed for the extruded 
products. Of these, the slabs are further pro- 
cessed in the company’s own rolling mill, while 
sections and tubes are used in shipbuilding, 
structural engineering (bridge construction), and 
in the manufacture of vessels and containers. In 
general, the; maximum size of section which can 
be made is one that can be inscribed into a cirele 
of 420mm diameter. In certain cases, larger 
sections, which partly exceed the boundary 
circle, can be produced. 

Blocks for extrusion are continuously cast, 
with a diameter of 550mm. They are used in 
lengths of up to 1200mm (750 kg) and are pre- 
heated in oil-fired pusher furnaces to a tempera- 
ture of 500 deg. Cent. In the charging process, 
which is almost wholly automatic, the block on 
leaving the furnace is placed by a grab on the 
charging carriage, which moves at right angles to 
the centre line of the press. From the carriage, 
the block is pushed into the receiver by the ram 
of the press, a pad 100mm thick and of the same 
diameter as the receiver being placed between the 
ram and the block. <5 

After extruding the metal through an extrusion 
die of the required section, the remaining metal, 
punch and die are withdrawn and the ram returns 
to its initial position. The metal is sheared off 
and the punch is returned to the loading station. 

For the production of tubes, hollow blocks are 
extruded through an annular die, the internal 
tube diameter being determined by the size of a 
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mandrel which passes through the ram and the 
hollow block, and the head of which is inserted 
in the die opening. For fixed internal diameters, 
the mandrel is kept stationary, while variable 
diameters can be produced by the appropriate 
movement of a conical mandrel. 

Cylindrical sections with a closed leading end 
may be produced by first forming a partially 
pierced block by means of the central mandrel, 
which can exert up to 500 tons. Should this force 
be insufficient, the mandrel can be locked to the 
ram and the full press force can then be applied 
to it. During this stage the die is blanked off 
by a disc inserted between it and the receiver. 
Variable outer diameters may be produced by 
a series of stepped dies which are successively 
released. 

Operation of the extrusion bed is largely 
mechanised. Extruded material can be gripped 
by a claw carriage, which pulls it along the bed 
with a force the amount of which may be varied 
according to requirements. 

All controls of the press and of auxiliary equip- 
ment are electric and are situated on two central 
control desks. Pressure water is obtained from 
three horizontal pumps, each of approximately 
300 h.p. The installation includes an accumu- 
lator comprising three water bottles and tr’enty- 
four air bottles, the volume ratio of water to air 
being about 1:10. When the maximum level 
in the water bottles is reached, the pumps are 
automatically and successively switched off. 

The shop in which all the equipment is housed 
is 190m long and 56m broad, and includes, 
besides the press, a stretch-straightening bench 
for medium sections and bars. Since stretching 
is a comparatively slow process, it was sought 
to render the plant more economical by making 
it very long, and a working length of up to 50m 
was decided on. 

Alongside the stretch-straightening bench is a 
roller conveyor for bars and tubes, equipped 
with cutting-off saws. At present the material 
on the conveyor has to be moved by hand, but 
it is intended to mechanise the arrangement later 
on. After the bars and tubes have been cut to 
length, they are stacked in racks which are then 
transported to the dispatch department. 

On the opposite side of the extrusion bed is a 
mechanised conveyor for heavy profiles, a 
cutting-off saw, and a 500-ton hydraulic adjusting 
press complete with rotating device. The equip- 
ment is completed by a 30-ton stretch-straighten- 
ing bench for tubes, a perchloroethylene degreas- 
ing plant for tubes and sections, and an 
annealing and tempering furnace which is 20 
metres long. 








8000-ton extrusion press for aluminium and aluminium alloys. Sections fitting a 420mm diameter circle can be produced 


Band Saw Butt Welder 


We have received details of the “Ideal” 
butt welding machine, model “‘ SS.100,”’ which is 
made by Elektro-Apparate-Bau G.m.b.H., Erwit- 
terstrasse 7, Lippstadt, German Federal Republic. 
The equipment is shown in our illustration. It 
is designed for the joining of band saws from 
#;in to in wide, and is equipped with motorised 
weld grinder, blade shears, and annealing con- 
trols. Current conveying parts are of copper or 
bronze. Rapid action clamps are used to hold 
the saw blades, which are located by stops. 
The moving jaw operates in a ball-bearing slide 
which ensures easy and accurate upset of the 
saw ends. A control button starts the automatic 
welding and upsetting process which is followed 
by press-button operated annealing. It is stated 
that the whole operation takes four to five 
minutes, no solder or flux being required. 
Startrite Sales, Ltd., Waterside Works, Gad’s 
Hill, Gillingham, Kent, has recently been 
appointed sole agent for the United Kingdom. 





Butt welding equipment for 34,in to 54in band saws 
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Electronic Calibration Centre of the 
National Bureau of Standards 


BY OUR AMERICAN EDITOR 


Early this year construction began on an Electronic Calibration Centre to be estab- 
lished at the Boulder Laboratories of the National Bureau of Standards in Colorado. 
The new centre will provide the Bureau with greatly expanded facilities for elec- 
trical and electronic calibration services at all frequencies now in general use. 
The calibration centre is being set up principally in response to the urgent and 
continually increasing need of the armed services for accurately calibrated elec- 
tronic equipment to be used in radar, aircraft control, and missile guidance. 


HE Electronic Calibration Centre under con- 

struction at the Boulder Laboratories of the 
National Bureau of Standards in Colorado will 
occupy a 27,000 square foot wing in the radio 
building at Boulder. When completed, the new 
establishment will be employed mainly in the 
calibration of electronic and communications 
equipment for the military. About half the cost 
of a modern fighter aircraft now goes into elec- 
tronic devices for navigation, fire control, and 
other purposes. For this equipment to work 
together as a unit, each of the separate com- 
ponents must be specified, constructed and 
evaluated according to accurately calibrated 
reference standards. For example, in air-to-air 
refuelling of military aircraft, radar navigation 
equipment is used to rendezvous the tanker with 
the aircraft to be refuelled. To ensure contact 
between the two aircraft, their navigation equip- 
ments must be precisely calibrated in terms of a 
single frequency standard. This requires a total 
of twenty-nine test instruments, each accurate 
to one-tenth of 1 per cent. To calibrate the test 
instruments to this accuracy, twenty-five measure- 
ment standards, accurate to 0-01 per cent, must 
be used. Such uniformity requires inspection 
and calibration of all secondary standards by a 
single agency in terms of a master set of standards. 

The primary mission of the calibration centre 
will be to calibrate inter-laboratory secondary 
standards for such quantities as voltage, power 
and impedance against master standards to be 
maintained at the centre. These inter-laboratory 
standards, in turn, will be used to ensure the 
accuracy of working standards in laboratories, 
on the production line and in overhaul stations. 
This service is expected to be of great value not 
only to the armed services, but also to the elec- 
tronics and communications industries. Initially, 
the centre will perform calibrations at particular 





Fig. 1—Assembly of low-noise crystal-controlled converters for frequencies up 
to 500 Mc/s. 


fixed frequencies already in wide use ranging 
up to 40,000 Mc/s. However, its eventual aim 
will be to measure and standardise all usable 
electrical and wireless quantities from direct 
current, or zero frequency, to at least 
100,000 Mc/s. Work in the range from direct 
current up to 30 ke/s will be shared with the 
Bureau’s Washington laboratories. At first, the 
U.S. Federal Government is expected to be the 
largest user of the calibration service, but the 
facilities will also be available to industry, uni- 
versities and scientific organisations. 

The calibration centre will have a staff of 
about fifty. It will function as a part of the 
Bureau’s Radio Standards Laboratory, which 
has been charged for many years with the 
responsibility for basic research and development 
leading to new and improved wireless standards, 
measurement techniques, and associated instru- 
mentation for all wireless frequency and micro- 
wave electrical quantities. The Radio Standards 
Laboratory is also responsible for supplying the 
national primary wireless standard and calibra- 
tion services. The quantity of these calibrations 
required to-day is so great that branching chains 
of measurement are necessary to extend the 
primary standards to the shop or field instru- 
ments, the end goal of the calibration 
process. The large number of links in each 
chain, through which the units of measurement 
must be transferred, requires the highest practic- 
able accuracy at each step to ensure an adequate 
accuracy of the shop and field instruments. 

The fundamental system of electrical measure- 
ment now employed in the United States uses 
absolute units, and basic to the absolute system 
of electrical units are the absolute ohm and the 
absolute ampere. The absolute ohm is derived 
from the absolute henry, based on an inductor 
of accurately known dimensions. The 
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absolute ampere is established in terms of the 
magnetic force on an accurately dimensioned 
current-carrying coil, measured with a current 
balance. The accurate fundamental determina- 
tions of the absolute ohm and the absolute ampere 
made at the Washington laboratories are neces- 
sarily very difficult and time consuming. Hence, 
they are performed only about once every decade. 
Between such determinations, the values of the 
units are maintained at the Bureau by means of 
a group of standard resistors carefully calibrated 
in terms of the absolute ohm, and a group of 
standard cells calibrated in terms of the absolute 
ampere and the absolute ohm. Other units, 
such as the watt, the kilowatt-hour and the joule, 
are obtained by combining these units and by 
appropriately extending the scale of measurement 
to other ranges. 

Various techniques are being used to extend 
the units to the higher frequencies. At power 
frequencies, for example, the transfer is carried 
out by means of specially constructed electro- 
dynamic voltmeters and wattmeters. In the 
microwave region absolute power measurements 
are made by directly comparing the heating effect 
of the microwave power with that of a direct 
current. The calibration centre will maintain 
reference standards derived from the absolute 
ohm and volt. Those standards most urgently 
needed for the initial period of operation are 
now under construction. However, new 
standards will undoubtedly be required in the 
future to replace reference standards made 
obsolete by technological advances and to extend 
the capabilities of the centre as new calibration 
requirements arise. Thus, in addition to its 
calibration activities, the centre will conduct a 
long-range programme for the continued develop- 
ment of reference standards especially adapted 
to its use. In accordance with present plans, the 
services offered by the calibration centre will 
cover three broad frequency ranges: (1) low- 
frequency (zero frequency to about 30 kc/s) ; 
(2) high-frequency (30 kc/s to about 300 Mc/s) ; 
and (3) microwave frequency (above 300 Mc/s). 


Low-FREQUENCY STANDARDS 


For many years calibrations in the direct 
current and low-frequency range have been per- 
formed by the Bureau’s Electricity and Elec- 
tronics Division in Washington. A i gan from 
that division is now designing and procuring 
suitable reference standards for use in the 
calibration centre. This group will be trans- 
ferred to the Boulder Laboratories to operate in 
the low-frequency range there. Calibration 
services in this frequency range will continue to 
be available in Washington also. In the lower 
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frequency range the work of the calibration 
centre will include the calibration of standard 
cells, resistors, inducto1s, capacitors, volt boxes, 
potentiometers, bridges, a.c. and d.c. indicating 
instruments, instrument transformers and current 
shunts. Other calibration activities will be added 
as the need arises. The references standards for 
these measurements consist of highly accurate 
bridges, potentiometers, stable sources of current 
and voltage, and the like. Commercial equip- 
ment is used whenever it is available, but a 
number of specially designed instruments and 
consoles are required to provide the necessary 
accuracy and ease of measurement. 


HIGH-FREQUENCY STANDARDS 

In the high-frequency range the calibration 
centre will make measurements of voltage, 
current, impedance, power, attenuation and 
field strength. For all these measurements, 
stable sources of high-frequency power, voltage 
or current are required, as well as stable detectors 
or indicators. To achieve the desired frequency 
stability, crystal-controlled power sources and 
receivers are being used whenever possible. In 





Fig. 3—Group of N.B.S. impedance standards with 
standardised terminations 


addition to frequency stability, the sources must 
have very nearly constant power output. Power 
stabilisation circuitry is being developed which 
will prevent power output variations greater 
than 0-1 per cent over periods up to half an 
hour. Exciters operating at the SW or 10W level 
are adequate in some cases, while in others 
amplifiers operating at the 100W level will be 
used. 

For most quantities, measurements are to 
be made at the fixed frequencies of 30, 100 and 
300 ke/s, and 1, 3, 10, 30, 100 and 300 Mc/s, and 
the frequencies of 5, 200 and 400 Mc/s will also 
be provided for voltage measurements. In 
addition to the fixed frequency standards, pro- 
vision is being made for continuous frequency 
coverage when necessary, but these standards 
will be less stable and, hence, their accuracy will 
not be as great. 

The high-frequency voltage measurements will 
be simplified by the use of the recently developed 
attenuator-thermoelement (A-T) voltmeters as 
reference standards. A-T voltmeters have been 
incorporated into special consoles designed for 
accurate and rapid measurements over the range 
from 0-2V to 300V. Micro-potentiometers will 
be used as reference standards for the lower 
voltages required in signal generator calibration. 
High-frequency current will be measured by 
means of thermo-elements calibrated against 
electro-dynamometer standards. For high- 
frequency impedance measurements, a set of 
eighteen fixed-frequency bridges is being designed. 
These bridges will be used in connection with a 
set of newly developed co-axial impedance 
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standards. For continuous frequency coverage, 
the best available commercial bridges will be 
used, with frequent calibration against the special 
impedance standards. For power measurements 
in the high-frequency range, a bolometer bridge, 
a conduction calorimeter and a liquid flow 
calorimeter will serve as reference standards for 
the power range from 1mW to 100W. A special 
power comparator is being developed which will 
permit the accurate comparison of power dis- 
sipated simultaneously in the reference standard 
and in a power meter under calibration. 

High-frequency attenuation measurements will 
be made by a null-detection, direct-substitution 
method, in which the reference standard is either 
a waveguide-below-cut-off piston attenuator 
or, at the lower end of the frequency range, a 
four-drum decade attenuator. The calibration 
of a field strength meter will include the calibra- 
tion of the attenuator and the amplifier linearity 
by the application of the attenuator and the 
power measurement techniques described above. 
Aerial coefficients will be determined with 
standard loops at frequencies below 30 Mc/s, 
or with standard dipoles above 30 Mc/s. 


MICROWAVE STANDARDS 


In the microwave region, preparations are 
being made for the measurement of impedance, 
power, attenuation and frequency. Except at 
the lower end of the range, measurements of 
voltage, current and field strength are not con- 
sidered very important at present. These 
measurements will probably be covered later by 
extensions of the high-frequency techniques now 
in use. As in the high-frequency range, calibra- 
tions will be made primarily at certain fixed 
frequencies. Although crystal control is less 
practicable in this region, other stabilisation 
techniques are available which permit a high 
order of frequency stability. When necessary, 
power stabilisation will also be used in the 
microwave power sources. 

In the microwave region measurements must 
be made with both co-axial and waveguide equip- 
ment. Whenever possible, the fixed frequencies 
of 0-4, 1-0, 2-0, 4-0 and 8-0 kM¢c/s, will be 
used for co-axial measurements. The highest 
frequency at which accurate co-axial measure- 
ments should be attempted is about 8 kMc/s. 
However, in rectangular waveguides provision 
is now being made for measurements over the 
frequency range of 2-6 to 40 kMc/s. To cover 
this range requires eight different waveguide 


sizes. 

Above 40 kMc/s, three additional sizes of 
waveguide will extend the frequency range at a 
later date to 90 kMc/s. Because of the lack of 
suitable klystrons or other oscillator valves, it is 
difficult to specify a uniform set of frequencies 
for microwave measurements. In general, how- 
ever, the present plans call for three fixed 
frequencies for each waveguide size, one near 
the middle and one near each end of the wave- 
guide frequency range. Substantially continuous 
frequency coverage will also be available when 
required. 

In the initial phase of operation, provision is 
being made only for low-level microwave power 
measurements. This includes power levels up 
to about 100 mW. The calibration of waveguide 
equipment will use as reference standards bolo- 
meter mounts and bolometer mount-directional 
coupler combinations which have been calibrated 
by calorimetric methods. Co-axial bolometer 
mounts will be calibrated by the impedance 
method of measuring mount efficiency. The 
microwave attenuation measurements will employ 
the i.f. substitution method or the direct sub- 
stitution method, whichever is more applicable. 
With the i.f. substitution method, the maximum 
attenuation that can be measured with high 
accuracy is generally limited to about 50 dB 
by mixer linearity considerations. When higher 
values of attenuation are required, the direct 
substitution method may be used. In this method 
the standard attenuator must be calibrated for 
each microwave frequency, but the procedure 
can be used to measure attenuation up to 75 dB 
with an accuracy nearly equal to that of the 
other method. The microwave frequency 
measurements will utilise a frequency multiplier 
chain having a crystal-controlled output at 
selected frequencies up to 24,000 Mc/s. By 
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combining the marker frequencies in a crystal 
harmonic generator, any required frequency up 
to about 100kMc/s can be obtained. The highly 
stable crystal-controlled oscillators will be set 
with reference to frequency standards based on 
unchanging properties of the atom. 

The calibration centre will contain sixteen 
laboratory rooms as well as additional space 
for offices, instrument storage and repair. Twelve 
of the rooms will be completely shielded to 
minimise interference with sensitive measuring 
equipment. There will also be a radio “* dark- 
room” having walls lined with absorbent 
material. This will allow various radio measure- 
ments to be performed indoors, including the 
calibration of field strength meters under approxi- 
mately free-space conditions. Air-conditioning 
equipment will maintain constant temperature 
and relative humidity, while mechanical filters 
and electrostatic precipitators will be used to 
eliminate dust from the conditioned atmosphere. 
Line-voltage regulation will ensure the stability 
of the reference standards and accuracy in the 
calibration process. 


TYPICAL INSTRUMENTS 


The accompanying illustrations show several 
of the instruments which have been developed 
for installation at the new calibration centre. 
Fig. 1 shows some of the special low-noise, 
crystal-controlled converters which have been 
recently developed to extend the frequency range 
of available receivers upward from 30 Mc/s to 
500 Mc/s. They are to be used as sensitive 
selective voltmeters to monitor accurately levels 
down to less than 1 microvolt at spot frequencies. 
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Fig. 4—Radio frequency micro-potentiometer for 
calibration of standard voltage generators at 
frequencies up to 1000 Mc/s 


Fig. 3 shows some of the several hundred imped- 
ance standards which have been developed at 
the Boulder Laboratories of the National Bureau 
of Standards to calibrate resistors, capacitors, 
inductors and complex impedance at radio 
frequencies. These standards employ a 
standardised termination which achieves maxi- 
mum accuracy and allows rapid calibration. 

The radio-frequency micro - potentiometer 
shown in Fig. 4 will be incorporated into a 
special console to calibrate standard voltage 
generators at voltage levels of 1 to 100,000 micro- 
volts at all frequencies to 1000 Mc/s. Finally, 
Fig. 2 illustrates one of three similar consoles 
now under development at the Boulder Labora- 
tories for the efficient and accurate calibration 
of voltmeters. These consoles will be used at 
frequencies of 30 kc/s to 800 Mc/s for voltage 
levels of 0-2V to 300V. 
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Personal and Business 


Appointments 

Mr. GorDON RICHARDSON has been appointed a 
director of Head Wrightson and Co., Ltd. 

THE EFFINGHAM STEEL Works, Ltd., has announced 
the appointment of Mr. Philip G. Barber as a director. 

Mr. Davip W. Payn has been appointed general 
manager and secretary to the Lead Development 
Association. 

Mr. M. H. Hammitt, A.M.I.Mech.E., has been 
appointed managing director of Foster Trans- 
formers, Ltd. 

Mr. A. E. Bosrocx, A.M.I.Mech.E., has been 
appointed sales manager of Hallmac Tools, Ltd., and 
Macrome Ltd., Wolverhampton. 

REMINGTON RAND, Ltd., has announced that Mr. 
Eric Segar has been appointed area sales supervisor 
(supplies division) for the London region. 

THe Royat INSTITUTION OF CHARTERED SuR- 
veyors has announced that Mr. William Morton, 
Balch, F.R.I.C.S., has been elected president. 

THE Power-Gas CORPORATION has announced the 
appointment of Major W. R. Brown as chairman and 
managing director in succession to the late Dr. N. E. 
Rambush. 

Mr. J. R. V. Dovpuin has been appointed chief 

engineer to the United Kingdom Atomic Energy 
Authority’s Research Group. He will take up his 
new duties at Harwell on August 1. 

THe ELECTRIC VEHICLE ASSOCIATION states that 

Sir Wavell Wakefield has been elected president for 


1957-58 ; Mr. J. A. Lowe, chairman; Mr. J. H. 
Cansdale, vice-chairman ; and Mr. H. E. M. Bull, 
honorary treasurer. 


Tue BRITISH AND COMMONWEALTH SHIPPING Com- 
PANY, Ltd., has announced that Captain J. D. F. 
Elvish has been appointed group marine superin- 
tendent, and Captain C. Mitchell, marine superin- 
tendent for Clan Line Steamers, Ltd. 

Mr. Davip SKAL, managing director of Mountstuart 
Dry Docks, Ltd., has been elected chairman of the 
Dry Dock Owners and Repairers Central Council, 
and Mr. D. N. Stewart and Mr. J. O. M. Fisher 
have been elected vice-chairmen. 


Tue British THOMSON-HousTON CoMPANY, Ltd., 
has announced that, following the reappointment of 
Mr. E. S. Little to its board, on relinquishing his 
offices of comptroller and secretary, Mr. Little has 
been elected a director of the British Thomson- 
Houston Export Company. Mr. A. E. Wilson has 
been appointed secretary of the British Thomson- 
Houston Export Company, and Mr. H. G. McHaffie, 
A.M.LE.E., has been appointed managing director of 
a British Thomson-Houston Company (Canada), 

ti 


Business Announcements 

THe C.A.S. Group or ComPANIES states that it has 
moved to St. James’s House, Kensington Square, 
London, W.8 (telephone, 8060). 

THe LANCASHIRE Dynamo Group sales office in 
Scotland has moved to 5, Woodside Place, Glasgow, 
C.3 (telephone, Douglas 0867/9). 

MEGATOR PUMPS AND COMPRESSORS, Ltd., states 
that it has acquired extra ises to house its supply 
department at 6, Carlos Place, London, W.1. 


Tue BritisH INSTITUTE OF MANAGEMENT AND THE 
INSTITUTE OF INDUSTRIAL ADMINISTRATION states that 
as from June 1 their address will be Management 
House, 80, Fetter Lane, London, E.C.4 (telephone, 
Holborn 3456). 


Davey, PAXMAN AND Co., Ltd., states that it has 
established a spares service in Venezuela. Its agent 
is Petroleum Industry Consultants, C.A., Edificio 
Luz Electrica, 2° Piso, Avenida Urdaneta Caracas, 
= and Apartado 532, Maracaibo, Vene- 
zuela. 

THe Hoiset ENGINEERING COMPANY, Litd., states 
that it has concluded an agreement with the 
Schwitzer Corporation of Indianapolis, U.S.A., 
whereby Holset will manufacture, sell and service 
ee rubber crankshaft dampers and a range 
of tu 


PILKINGTON beaded Ltd., announces that it has 
acquired the share capital of Mendip Chemical 
Engineering, Ltd., Feltham Road, Ashford, Middle- 
sex. Design and manvfacture of prototypes will 
continue at the Ashford works, while quantity pro- 
—— will be handled by Ashdowns, Ltd., at St. 
Helens. 


Dr. A. G. E. Rosette, Bury Farm, Bovingdon, 
Hertfordshire, has resi from the board of John 
Miles and Partners (London), Ltd., but is being 
retained in a technical advisory capacity. Dr. 
Robiette is setting up as an independent metal- 
lurgical consultant. 

PRIESTMAN BROTHERS, Ltd., Hull, states that Mr. 
James D. Priestman, sales director, and Mr. Arthur 
Wilkins, director and secretary, are leaving for 
Canada on June 2, to establish the Canadian company 
of Priestman Brothers, Ltd., and to purchase a site 
for a new depot near Toronto. 

ARMSTRONG SIDDELEY Morors, Ltd., Coventry, 
and the Garrett Corporation of Los Angeles have, 
concluded a licence agreement covering the manu- 
facturing and selling rights in this country of the 
auxiliary power gas turbines and air turbine starters 
developed by the AlResearch manufacturing divisions 
of the Garrett Corporation. 


Contract 


THe British THOMSON-HOUSTON COMPANY has 
been awarded by the Central Electricity Authority a 
contract, valued at nearly £1,000,000, for the design, 
manufacture, testing and installation of four 75MW, 
16kV generator/motor units for the first major pumped 
storage scheme in Great Britain at Blaenau Ffestiniog 
in North Wales. The consultants are Messrs. 
Kennedy and Donkin. 


Miscellanea 

TeLeorRD Exnisition.—An exhibition to com- 
memorate the bicentenary of the birth of Thomas 
Telford will be held in the University of Cambridge 
Engineering Department from June 10-19. Exhibits 
will include documents, relics and a photographic 
display of many of Telford’s principal works. 

ASSOCIATION TECHNIQUE MARITIME ET AERO- 
NAUTIQUE.—The annual meeting of the Association 
Technique Maritime et Aeronautique will be held 
from June 3 to 7 at the Maison de la Chemie, 
28 bis, Rue Saint-Dominique, Paris 7e. A total of 
thirty-four papers will be read, dealing with marine 
and aeronautical subjects and the meeting wil! con- 
clude with a visit to the Laboratoire du Centre 
Technique des Industries de la Fonderie. 


PHOTOGRAPHIC EXHIBITION OF CONCRETE STRUC- 
TURES.—The Reinforced Concrete Association this 
year celebrates its twenty-fifth anniversary and an 
exhibition of photographs and models is to be held 
on this occasion, at the Building Centre, Store Street, 
from Monday, June 17, to Friday, July 5. The 
exhibition will be opened by the Lord Mayor of 
London ; it will illustrate outstanding present-day 
buildings and structures in concrete designed and 
built mainly by members of the Reinforced Concrete 
Association. In addition, there will be sections 
devoted to the origin and twenty-five years’ life of 
the Reinforced Concrete Association, and to the 
development of reinforced concrete from that time to 
the present. 


RECONSTRUCTION OF THE GREAT NorTH ROAD.— 
The British Road Federation is critical of the efficiency 
of the Government’s improvement schemes for the 
A.1 highway from London to Newcastle. The 
Federation has published a leaflet entitled ‘‘ What is 
Happening on A.1 ?” which illustrates the position. 
There are at present twenty-three major improvement 
schemes envisaged for the road. When they are 
completed, the Federation states, the road “ will 
still be a deadly highway, the scene of hundreds of 
accidents every year and the cause of thousands of 
man-hours and gallons of motor fuel being squan- 
dered.”” The 280-mile stretch between the two cities 


will then have 98 miles of dual carriageway, 112 miles 
of single, three-lane road, and about 70 miles wide 
enough for two vehicles only. 


KNITTED MATERIALS.—The Knitted Mesh Manu- 
facturing Company, 36, Victoria Street, S.W.1, is 
manufacturing mesh knitted from filaments of stain- 
less steel, “‘ Monel,” aluminium, copper, and other 
metals, asbestos and plastics. The resulting material, 
which can come in sheets or tubes or compressed, is 
used in strainers, radio frequency shielding, and 
— sponges. Because its knitted nature 

poses a regular distribution of material in a cushion 
with th perhaps 95 per cent air space, it is claimed that 
the separation efficiency of the material as a vapour 
eliminator is in excess of 99-9 per cent for gas 
velocities between 4ft and 12ft per second, corres- 
ponding to pressure drops of the order of lin water 
gauge : thus, applications for demisting and steam 
drying are envisaged. The friction between threads 
gives a high damping in bulk and anti-vibration 


mounts can be made in the material. One particu 
larly interesting proposal is a jacket for a radio valve : 
a cylinder of knitted metal supports the valve agains: 
vibration, acts as secondary surface to improve 
cooling, and provides r.f. shielding. 


Mr. E. R. Fry.—We record with regret the death 
of Mr. E. R. Fry, at the age of sixty-two, who was 
the deputy chairman of Brooke Marine, Ltd., 
Lowestoft. Mr. Fry was trained as an electrical 
engineer and was associated with the erection of the 
first high voltage transmission power lines in this 
country, and was construction superintendent for 
the North-West grid system. He joined the Dowsett 
Group in 1941 as general manager of Brooke Marine 
Ltd., and shortly afterwards was appointed managing 
director, while two years ago he became deputy 
chairman of the company. 


REINFORCING FABRIC FOR WATERPROOFING.—A 
fabric for use as a reinforcing membrane for the coa! 
tar and asphalt compounds used in waterproofing and 
anti-corrosion applications is now being produced 
by Fothergill and Harvey (Sales), Ltd., Harvester 
House, Peter Street, Manchester, 2. The fabric, 
known as “ Tygascrim,” is an open-weave fabric 
weighing 2-2 oz per square yard. It is woven from 
glass yarns and coated to ensure maximum com- 
patibility with coating compounds. Its tensile strength 
is 75 lb per inch in both warp and weft directions and 
its bursting strength 140 lb per square inch. The 
principal advantage claimed for “ Tygascrim ” over 
the hitherto conventional jute or cotton fabrics is 
that, being woven from inorganic yarns, it does not 
rot or decay or carry moisture into the waterproofing 
compound. 


BatcH COUNTING AND MIxInG EQuIPMENT.—An 
equipment developed by the Sinex Engineering 
Company, Ltd., 12, Rochester Row, London, S.W.1, 
is designed to automatically count and mix articles 
in batches. It incorporates two vibratory bowl 
feeders, two batch counting units and two photo- 
electric detector heads. _ In each operating cycle the 
bowl feeders deliver the required numbers of parts as 
set on the batch counters into a funnel and then stop. 
On a lever then being depressed, the parts gravitate 
into a bag held by the machine operator. As this 
lever is released, the feeders start automatically and 
their batch counters are reset, so that a batch is 
being counted and delivered to the feed funnel whilst 
& Soh bas ts Ueles Semneed and mien’ be on 
empty one. The batch counters can be set to deliver 
up to twenty-four units and any required number of 
vibratory feeders can be eas in an equip- 
ment. 


LIGHTWEIGHT FIGHTER ENGINE.—The Bristol 
“Orpheus B Or 3” has completed an official type 
test at the design figure of 4850 Ib (2-200 kg) thrust 
within two and a half years of the date of the first 
run. The weight of the “Orpheus B Or 3” can 
now be revealed as 8101b, giving a thrust/weight 
ratio of 5-99lb thrust per pound weight; the 
specific fuel consumption is 1- P06 Ib/Ib thrust per 
hour. The weight of the “ Orpheus B Or 2,” which 
was type tested in 1956 at its full rating of 4520 1b 
thrust, is 7901lb, giving a thrust/weight ratio of 
5: 72 1b thrust 5 gochn pound weight. Development of the 

“Orpheus” is now proceeding beyond the original 
target figure. "Besides the 5760 1b" B Or 11” already 
announced, Bristol Aero-Engines, Ltd., is developing 
a version designated “‘ B Or 12,” bos bo 6810 Ib 
thrust dry, which can be raised to nearly 8000 Ib by 
the use of reheat. This development is under the 
auspices of the mutual weapons development pro- 
gramme, and the engine is oer” intended for 
a strike aircraft to the requirements of 


nat EXTINGUISHER.—A new pressurised fire 
extinguisher of the ene liquid type, developed 
by the Pyrene Company, Ltd., 9, Grosvenor Gardens, 
London, S.W.1, has a squeeze-grip release valve that 
facilitates one-hand operation and provides an on-off 
control of the discharge of fire-fighting liquid. The 
extinguisher is also fitted with a locking device which 
prevents accidental discharge and a gauge which 
allows the pressure within the container to be checked 
and simplifies the process of recharging. The extin- 
guisher 1 is supplied charged with one quart of either 

” fire extinguisher liquid or chlorobromo- 
methane (CB). Both of these liquids form a heavy, 
dry cohering blanket of fire-smothering vapour 
immediately they reach a temperature of 200 deg. 
Fah. or more. These liquids, which are non-damaging 
to materials or mechanism and do not readily 
deteriorate-or freeze, are stated to be effective against 
fire outbreaks involving motor vehicles and small 
petrol, paraffin or alcohol fires. They may also be 
used with safety against outbreaks involving electrical 
apparatus. 
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British Patent Specifications 


When an'invention is communicated from abroad the name and 
address of the communicator are printed in italics. When an 
oer 6 os Beas Perea arora 
Ti te first given is ti te 2 
at the end of the abridgment, is the date of publication of the 
ae oy or. A. Ss Sar may ‘ained 
att latent 77 s Branch, 15, Southampton Buildings, 
Cc Lane W.C.2, 3s. 6d. each. 


ELECTRICAL ENGINEERING 


774,195. June 23, 1954.—ELECTRICAL GENERATORS, 
Her Majesty’s Principal Secretary of State for 
Foreign Affairs, London. (Inventor: Ronald 
Watton.) 

The invention relates to permanent magnet elec- 
trical generators. One disadvantage of these gene- 
rators is that the mechanical effort required to drive 
the rotor is subject to violent fluctuations when the 
electrical load varies suddenly. One of the objects 
of the invention is to provide a generator in which 
such disadvantages are substantially reduced. 
shown in the drawing, the rotor shaft A has its 
central portion B of hexagonal shape, lin in axial 
length. The flats of the hexagon serve as seatings 
for six permanent rect- 
angular C. K 
Each magnet has a 
mild steel pole piece 
D of rhombic shape. 
The pole pieces have 
their central portions 
flat, in order that they 
may seat properly on 
their magnets, and 
their outer parts are 
suitably curved. The 
pole pieces and magnets 
are each antiag di with 
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attach them to the rotor 
shaft. A disc F of 
diameter equal to the 
outer diameter of the 
pole pieces and of 
material of good con- 
ductivity, such as 
copper or brass, is 
pressed on to the shaft on either side of the 
hexagonal portion and the discs are connected 
together by six copper tubes G which pass through 
the spaces between adjacent magnets and into 
apertures in the discs F, where they form good 
electrical contact with the discs. The tubes serve to 
clamp the magnets C and the pole pieces D firmly 
between the discs F. Moreover, each pair of adjacent 
copper tubes, together with the parts of the two 
discs between them, form a closed loop of high 
conductivity surrounding one of the magnets. The 
rotor is completed with a suitable plastic, such as a 
synthetic epoxy resin, which fills all the interstices, 
including the gaps between adjacent pole pieces. The 
rotor is mounted in suitable bearings H within a 
stator J having six wound, salient poles K. The 
windings L on the stator J may be connected in series 
in the usual manner. The effect of the short-circuited 
loop around each magnet is to counteract demag- 
netisation which would be produced by what is 
known as “ recoil,” that is the field set up by the 
current induced in the stator windings. In conse- 
quence of this, the mechanical effort required to turn 
the rotor varies comparatively little with the electrical 
load. Thus, the mechanical effort at zero electrical 
load is higher and that at full electrical load is lower 
than in the absence of the short-circuited loop. The 
construction described also has the advantage that 
the rotor can be removed from the stator, without a 
keeper, without the risk of demagnetisation.—May 8, 
1957. 
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AGRICULTURAL ENGINEERING 


774,596. July 21, 1954.—Rotary CULTIVATORS, 
Lewis Sydney Smith, 74, High Street, Hampton 
Wick, Kingston-on-Thames, Surrey. ee 

The invention relates to rotary cultivators or tilling 
machines of the kind in which the tines or tools are 
carried by a transverse shaft mechanically driven and 
capable of being adjusted up or down to regulate the 
depth at which the tools work. The invention pro- 
vides a -regulating device, which will not easily 
become clogged or deflected by weeds, roots or 
similar obstructions, and also provides for easily 
changing the tines or tools to suit different conditions. 

The machine shown in thé drawing runs on two 

coaxial wheels A which support a driving engine B, a 

mechanically driven transverse shaft C for carrying 

the tines or tools D, and a handlebar E by which a 

walking operator can steer and control the machine. 

The shaft C is carried by a sleeve or hollow driving 

shaft F, which is supported in bearings in a gear case G 

attached to the frame H of the machine, and. is so 

located at a distance behind the supporting wheels 
that it can be raised or lowered for regulating the 
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depth at which the tools work by rocking the machine 
bodily about the axis of the wheels. The shaft C is 
inserted endwise into the driving shaft F so that its 
two ends project on opposite sides of the machine. It 
is interchangeable with other shafts of different 
lengths and designed to carry different numbers of 
tines as may be required, Each tine D is attached to 
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a curved plate J fixed to the shaft by screws K. One 
or more of the tines may be used as a coupling device 
for coupling the tine-carrying shaft to the driving 
shaft by engagement of the plate J with a slot L in 
the end of the driving shaft F. The attachment of the 
tines to the shaft thus serves also to lock the shaft to 
the driving shaft. A plate or skid M for regulating 
the depth at which the tines work is carried by a lever 
N which is fulcrummed to the gear case G at a point 
O so close in front of the axis of rotation of the tines 
D as to be within the circle of rotation of the tines. 
The lever N extends rearwards beneath the axis of 
rotation of the tines and terminates in the plate or 
skid M, which is designed to run beneath the surface 
of the ground at a depth determined by the angle at 
which the lever is set relatively to the body of the 
machine. This is controlled by a screw and clamping 
nut P adjustable along the length of a slot R on the 
body of the machine and connected by a pivoted 
link S to an extension arm of the lever N. The lever 
is formed with a sharp edge for cutting through the 
soil and through weeds and roots which might other- 
wise clog the machine.—May 15, 1957. 


STEAM GENERATORS 


774,799. April 9, 1954.—Waste Heat Boi.ers, 
Laidlaw, Drew and Co., Ltd., 9, Tower Street, 
Leith, Edinburgh, 6, and Ruston and Hornsby, 
Ltd., Lincoln, England. (/nventor: George 
Patrick Eadie.) 

The invention comprises an improved waste heat 
boiler to be used in connection with an internal com- 
bustion turbine or gas turbine. Referring to the draw- 
ing, the waste heat boiler is similar to the ‘* economic ” 
or “* dry-back ”’ type steam boiler, in which the boiler 
shell A contains a flue B and a nest of small tubes C. 
The flue has oil-burning equipment D arranged at its 
front end, and opens into a chamber E at its rear end ; 
the small tubes give communication from the chamber 
at the rear end to a chimney F. As compared with 
an ordirary “economic”’ boiler, the boiler described 
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has the cross-sectional area of the nest of small tubes 
C much greater in proportion to the area of the flue 
B. The main stream of exhaust gases from an internal 
combustion turbine passes through a main duct G 
into the chamber E and through the nest of tubes C 
to the chimney F, as shown by the arrows X. An 
auxiliary stream of exhaust gases 1s tapped off from 
the main duct G at a point upstream from the chamber 
E, and after being boosted by a fan H in a duct J is 
passed into the flue B at the front end, where it is 
burnt with a supply of oil fuel injected through the 
burner D. This auxiliary stream passing through the 
flue is ia heat transfer relation with the water in the 
shell while siill at a very high temperature ; only 
after reaching the chamber is it mixed with and diluted 
by the main stream as shown by the arrow Y. Thus, 
the main stream of exhaust gas may have a tempera- 
ture of something more than 400 deg. Cent., while the 
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temperature at the front end of the flue B may be 
2000 deg. Cent., approximating to that obtained from 
normal forced draught oil-firing equipment. As for 
the pressures prevailing in the system, that of the 
main stream may be of the order of 4in of water, 
while the booster fan H may lift the pressure from 4in 
to, say, Sin. The damper K is provided so that a 
proportion of exhaust gas suitable for the combustion 
of the auxiliary firing fuel is withdrawn by the hot 
gas fan from the main stream. Modified designs are 
also shown in the specification.— May 15, 1957. 


INTERNAL COMBUSTION ENGINES 


774,941. March 28, 1955.—Drteset ENGINES WITH 
TURBULENCE CHAMBERS, Daimler-Benz Aktien- 
gesellschaft, Stuttgart-Unterturkheim, Germany. 

As illustrated in the drawing, the piston of the 
diesel engine is shown in tne top dead centre position, 
in which only a narrow gap A remains between the 
crown of the piston and the underside of the water- 
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cooled cylinder head B. A turbulence chamber C is 
arranged in the cylinder head beside the inlet and 
exhaust valves, for which appropriate positions are 
indicated by the axes D. The chamber above the 
cylinder space has a constricted connection by way 
of a short transfer duct E, opening substantially 
tangentially into the chamber. The fuel injection 
nozzle F discharges into the chamber C obliquely 
from below and directly behind the mouth of the 
duct E. The nozzle is designed and arranged so that 
a substantial part of the fuel is sprayed, in the direc- 
tion, shown by the arrow of the whirling air flow, 
in a stream or jet G against the wall of the chamber C 
at a place H adjacent to the nozzle. This stream makes 
a small angle with the wall, so that the fuel, while still 
substantially in the liquid state, covers the wall at 
this place in the form of a thin layer, which is wholly 
or partially vaporised and distributed by the air flow 
throughout the rest of the chamber. As will be seen 
from the drawing, the part H is liquid cooled with 
the rest of the chamber. However, if desired, a lining 
insert completely or partially insulated from the wall 
may be provided here, which insert becomes hot 
during operation. Another part of the fuel is directed 
as a jet J transversely of the air flow towards the more 
remote parts of the wall opposite to the nozzle—that 
is, into the part of the turbulence chamber which is 
richer in air. The stream J and any further stream or 
jet required may be delivered by the nozzle through 
one or more further injection apertures. If desired, 
however, the two streams G and J may be combined 
to form a single wide flat stream or jet by appropriate 
design of the nozzle.—May 15, 1957. 


HYDRAULIC MACHINERY 
774,701. July 14, 1954.—HypDRAULIC Pumps, Gullick, 
Ltd., 3, King Street, Wigan, and Tom Seaman, 
of “ Seaburn,” ill, Wigan. 

The invention is concerned with hydraulic pumps 
of two, three or more plungers. In pumps of this 
kind it has been the practice heretofore to effect move- 
ment of the plungers in one direction, usually the 
suction or return stroke, by means of springs, which 
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occasionally become broken or fatigued, causing the 
plungers to stick or become inoperative. An object 
of the invention is to provide a pump, the operation 
of which does not depend upon springs. Referring 
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to the drawing, the pump comprises a cylinder block 
A in which are bored a series of cylinders B for 
plungers C. The downstroke of each plunger is 
effected by a cam D on a crankshaft E. _ A water inlet 
from a main supply tank is indicated at F. On their 
upward strokes the plungers C draw water into their 
cylinders and force it via a duct G to the common 
outlet 4. Non-return valves are indicated at J and K. 
The upward or suction stroke of the pumping plungers 
C is effected in accordance with the invention by 
auxiliary plunger or piston devices. Each auxiliary 
comprises a plunger L working in a small cylinder M 
in the cylinder block. The auxiliary plunger engages 
under an abutment N formed on its main or pumping 
plunger. The several auxiliary cylinders M are con- 
nected together by a common duct O. At the end of 
the duct O is a compensating or pressure-relieving 
device comprising a cylinder P and a spring- 
piston R. The operation of the pump is as follows. 
As each plunger C descends it forces down with it its 
auxiliary plunger L and the latter forces water or oil 
into the cylinder or cylinders of neighbouring 
plungers. The latter thus act to effect the upward or 
suction stroke of their associated pumping plungers 
C. Should one or more of the pumping or auxiliary 
plungers stick in their cylinders the pump can still 
continue to operate because the piston R of the com- 

ting device will rise and fall in its cylinder to 
allow for the continued displacement of liquid from, 
or its return to, the auxiliary cylinders M of the 
auxiliary plunger devices which are still operating 
properly.—May 15, 1957. 





Technical Reports 


Principles of Forced Circulation in Hot Water 
Heating Systems. Sigmund Pumps, Ltd., Team 
Valley Trading Estate, Gateshead, 11. Price 3s. 6d. 
An outline of the principles involved in the smaller 
installations of forced circulation central heating, as 
used in buildings of orthodox construction, is given. 
Design data have been collected together in a manner 
enabling quick references to be made. The advan- 
tages of the system are, principally, a saving in cost 
due to smaller pipe sizes and greater flexibility, and a 
saving in fuel due to more rapid heating up and 
cooling down, and better thermostatic control, the 
fuel saving applying especially to buildings which are 
intermittently heated. Examples of design problems 
are given. 

Contribution a la Détermination Mathématique 
Approchée des Contreintes dans les Plaques. By 
F. Salles. Publications Scientifiques et Techniques 
du Ministére de l’Air, No. 321. Service de Docu- 
mentation et d’Information Technique de !’Aéro- 
nautique, Magasin C.T.O., 2, Avenue de la Porte- 
d’Issy, Paris (15e). Price 2000 francs. The problem 
of two dimensional stresses in plates—a very frequent 
one, e.g. in aeronautical design—resolves itself into 
the integration of the biharmonic equation AAy=0 
(where ) is Airey’s function), for the given boundary 
conditions. This can be done by applying Southwell’s 
relaxation methods, which the author himself has 
worked to make more widely known. The method 
here proposed replaces the plate by an equivalent 
structure consisting of a system of freely jointed 
struts along the sides of a square net, which transmit 
tension and compression in the direction of their 
lengths. This “method of single columns” applies 
only in special cases, but is extended by allowing for 
shear, to the “method of double columns.” The 
book concludes with chapters on stresses in parallel 
piped sheet metal structures, and on 


numerical calculation. 

Etude Théorique et ale de la Stabilité des 
Chambres @’ Equilibre Située en Aval D’Une Galerie en 
Charge Alimentée par un Canal @ Ecoulement Libre. By 
S. Gerber. Publications Scientifiques et Techniques 
du Ministére de l’Air, No. 320. Service de Docu- 
mentation et d’Information Technique de I’Aéro- 
nautique, Magasin C.T.O., 2, Avenue de la Porte- 
d’Issy, Paris (15e). Price 1400 francs. The paper 
presents a study of the stability of oscillations in 
surge shafts connected to a free channel by way of a 
pressure penstock. In the first section the author 
reviews the existing state of knowledge concerning the 
problem and develops the relevant theory. After 
considering the case of small oscillations arising 
from a regulation at constant output, he discusses 
the conditions which must be fulfilled if the oscilla- 
tions of the water surface in the surge chamber are 
to increase in amplitude, taking first an infinite 
channel without and then with losses, and finally 
the much more complex case of a channel of finite 
leneth. A relationship is derived for the amplitude 
in the case of throttling surge shafts below a certain 
section. In the second part of the work the author 
tests his theory against practical results and experi- 
ments. The precision of the method, and the elegance 
and simplicity of application of the solution will be 
appreciated by engineers dealing with this important 
problem which for so long has occupied the efforts of 
eminent scientists. 
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Launches and Trial Trips 


Woopara, cargo ship ; built by Barclay, Curle and 
Co., Ltd., for the British India Steam Navigation 
Company, Ltd.; length 520ft, breadth 68ft 3in, 
depth to shelter deck 42ft 3in, deadweight 11,470 tons, 
gross tonnage 10,000 ; five holds, hold capacity 
617,340 cubic feet ; eighteen derricks ; four 300kW 
diesel-driven generators; one set of compound, 
double reduction geared, turbines, 10,850 s.h.p., 
112 propeller r.p.m. in service, steam supplied at 
500 Ib per square inch and 800 deg. Fah. by two 
Babcock and Wilcox boilers.—Trial, April 10. 

ELMINA PALM, cargo liner ; built at the Neptune 
Works of Swan, Hunter and Wigham Richardson, 
Ltd., for the Palm Line, Ltd. ; length between per- 
pendiculars 425ft, breadth moulded 60ft, depth 
moulded to shelter deck 35ft 3in, deadweight 
tons on 23ft Sin mean draught; five cargo holds, 
one 40-ton, two 15-ton, two 10-ton, and eight 5-ton 
derricks, electric winches ; three 200kW diesel-driven 
generators ; Swan, Hunter-Doxford diaphragm oil 
engine, four cylinders, 670mm diameter by 2320mm 
combined stroke, arranged to burn boiler fuel, 
4500 b.h.p. at 118 r.p.m.—Trial, April 11. 


Virrina, oil tanker ; built by Harland and Wolff, 
Ltd., at Belfast, for Shell Tankers, Ltd.; length 
between perpendiculars 635ft, breadth moulded 
84ft 3in, depth moulded 46ft 3in, deadweight 31,000 
tons ;_ thirty oil cargo tanks, one main cargo pump 
room; two 550kW, 450V, 60 c/s alternators, one 
driven by a high-pressure turbine and one by a mixed 
pressure turbine ; one 150kW diesel-driven alterna- 
tor; one set of double-reduction geared turbines, 
13,000 s.h.p. at 105 propeller r.p.m., steam ted 
at 600 lb per square inch and 850 deg. Fah. in two 
boilers fitted with Babcock and Wilcox furnaces.— 
Launch, April 16. 

PoLyxENE C, cargo ship; built at the Neptune 
Works of Swan, Hunter and Wigham Richardson, 
Ltd., for Andria Maritima S.A., of Panama ; | 
between perpendiculars 470ft, breadth moul 
63ft 6in, depth moulded to shelter deck 41ft lin, 
deadweight 13,800 tons on 30ft 7in mean draught ; 
five cargo holds, one 30-ton, six 10-ton and four 
5-ton derricks, electric winches ; three 180kW diesel- 
i Swan, Hunter-Doxford oil 
engine, five cylinders, 7000mm diameter by 2320mm 
combined stroke, arranged to burn boiler oil, 6000 
b.h.p. at 115 r.p.m.—Launch, April 16. 

CrysTAL DIAMOND, bulk carrier ; built by 
Hawthorn Leslie (Shipbuilders), Ltd., for the Sugar 
Line, Ltd.; length between perpendiculars 430ft, 
breadth moulded 61ft, depth moulded to upper deck 
37ft 3in, deadweight 9780 tons, draught 24ft 63in, 
service speed 12 knots ; five holds, wing cargo spaces, 
MacGregor hatch covers, one 25-ton and ten 10-ton 
derricks ; two 75kW diesel-driven generators, one 
20kW steam-driven generator ; Hawthorn-Doxford 
diaphragm oil engine, four cylinders, 600mm dia- 
meter by 2320mm combined stroke, 3300 b.h.p. at 
108 r.p.m.—Trial, April 16. 





Forthcoming Engagements 


Secretaries of Institutions, Societies, &c., of having 

notices of meetings inserted in this column, are requested to note 

that, in order to make sure of their insertion, the necessary informa- 

tion should reach this office not later than a fortnight before the 

meeting. In all cases the Time and PLACE at which the meeting is 
to be held should be clearly stated. 
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ASSOCIATION OF SUPERVISING ELECTRICAL 
ENGINEERS 


Sat., June 1, to Sat., June 15.—OxrorD, READING AND DisTRIcTs 
BRANCH i 


: Visit to Austria. 
Leeps BRANCH: Great Northern Hotel, Leeds, 
Annual General Meeting, 7 p.m. SHEFFIELD NCH : 
Royal Victoria Station Hotel, . ual 
Meeting, 7.30 p.m. < N.W._ LONDON NCH: Century 
ey Forty Avenue, Wembley Park, Annual General Meeting, 
.30 p.m. 
Tues., June 4.—BOURNEMOUTH Branch: Grand Hotel, Firvale 
Road, Bournemouth, “Shot Welding,’’ C. G. Aldridge, 
8 p.m. + LuTon BrancH: Chamber of . 
Street West, Luton, Annual General Meeting, 7.30 p.m. 
%& S. Waxes BRANCH : 1 Hotel, Westgate Street, Cardiff, 
Annual General Meeting, 7 p.m. . LONDON BRANCH : 
ar Castle Hotel, 134, King Street, 


ith, 
don, W.6, Annual General Meeting, 7 p.m. Yorx 
BRANCH : Royal Station Monel Yeak Aneel General Raestnn 


Albert Square, 


Queen arringay, London, N.4, 

Annual General Meeting, 7.15 p.m. ye NOTTINGHAM BRANCH : 

Nottingham Mechanics’ Institution, Trinity Square, Notting- 

ham, Annual General Meeting, 7.15 p.m. 3 PRESTON BRANCH: 

Led Club, East View, Preston, Annual General Meeting, 
30 p.m. 

Fri., June 7.—LivERPOOL BRANCH : Livegposl ee agree. 
Society, 9, The Temple, 24, Dale Street, Liverpool, Annua 
General Meeting, 6.30 p.m. S. Lonpon Branco: Half 
Moon Hotel, Broad Green, Croydon, Annual General Meeting, 

.m, 


CHEMICAL SOCIETY 
Thurs., June 6.—Burlington House, Piccadilly, London, W.1, 
Reading of Original Papers, 7.30, p.m. 


May 31, 1957 





COMBUSTION ENGINEERING ASSOCIATION 
Wed., June 12.—-LONDON REGION: St. Ermin’s Hotel, West, 
minster, London, S.W.1, “Coal: Some Forecasts,’’ R. J. 
Moffat, 10.30 a.m. 
Wed., June 19.—WetsH ReGion: Park Hotel and Whitehal! 
Rooms, Cardiff, “ The Reduction of Smoke and the Efficien: 
Control of Combustion by Instrumentation,”’ W. R. L. Kent, 
10.30 a.m.; “ Effect of Coal eristics on the 
Operation of Mechanical Stokers,’’ D. C. Gunn, 2.30 p.m. 
INCORPORATED PLANT ENGINEERS 
To-day, May 31.—BiRMINGHAM BRANCH: Imperial Hotel, 
Temple Street, Birmingham, “ lerns,”’ 7.30 p.m. 


Tues,, June 4.—LonnoM BRANCH : Royal Society of Arts, John 
Adam Street, Adelphi, ones, London, W.C.2, “ Hn Training 


of Plant . Wilson, 7 p.m. R 
BRANCH : i ’ Club, Albert Square, Manchester, “ Air 
Compressor aintenance and Installation and Ancillary 


Equipment,” W. McMillan, 7.15 p.m, 


i) | 20.—MERSEYSIDE = pg a nen a 
lotel, City Road, Chester, “‘ New pments hemica! 
Engineering Materials,’’ E. Warde, 7.15 p.m, 


INSTITUTE OF NAVIGATION 


Wed. to Fri., June 5 to 7.—Joint MEETING WITH INSTITUTE FRAN- 
CAIS DE NAVIGATION AND AUSSCHUSS FUR FUNKORTUNG : 


Royal Geographical Society, 1, Kensington Gore, London. 
pw aleg Om The Avoidance of Collision by Airborne and Ship. 
borne Means.”’ 


Fri., June 21.—LonpDON MEETING : Ro 4 Comparten Society, 
1, Kensington Gore, London, $.W.7, = Accuracy of 
Astronomical Observations at Sea,’’ D. H. Sadler, 5.15 p.m. 


INSTITUTE OF PETROLEUM 
Sat., June 1.—Grand Hote!, Folkestone, Summer Meeting. 


INSTITUTE OF ROAD TRANSPORT ENGINEERS 


Wed., June 12,—-LONDON BRANCH : Visit to the School of Gas 
Turbine Technology, Farnborough, Hants, 11.15 a.m. 
Thurs., June 20.—LONDON BRANCH : Visit to the Sugar Refinery 
of Tate and Lyle, Ltd., Silvertown, London, E16, 2 p.m. 
YORKSHIRE : Visit to Triplex (Northern), fia. 
t. Helens, Lancs, 11.45 a.m. 


Wed., June 26.—E. MIDLANDS CENTRE : Day Visit to Birmingham 
and Midlands Omnibus Company, Ltd., | Patan er dg 
INSTITUTION OF CIVIL ENGINEERS 


Tues., June 4.—Great George Street, Westminster, London 
S.W.1, Annual General Meeting, 5.30 p.m. 

Wed., June 19.—Great George Street, Westminster, London 
S.W.1, “ Conversazione,”’ 5.30 p.m. 


INSTITUTION OF ELECTRICAL ENGINEERS 


Tues., June 4.—N. MIDLAND CENTRE: School of Signals, 
Catterick Camp, Yorkshire, Catterick Meeting; Demon- 
stration of Equipment, 3.30 p.m. to 5.15 p.m.; “ The Applica- 
tion of Junction Transistors to Telecommunication and 
Control Equipment,”’ E. Wolfendale, 6.15 p.m. to 7.15 p.m.; 
Questions Discussion, 7.20 p.m. to 7.45 p.m. 

Fri., June 14.—MEASUREMENT AND CONTROL SECTION : Visit to 
The British Thomson-Houston Company, Ltd., Taylor, 
Taylor and Hobson, Ltd., Charnford, Leicester, 8.15 a.m. 

Fri., June 28.—EDUCATION Discussion CiRCLE: Northampton 
Polytechnic, St. John Street, London, E.C.1, Exhibition of 

Apparatus for Teaching Electrical Engineering, 6-8.30 p.m. 


INSTITUTION OF MECHANICAL ENGINEERS 


Sat., June 15,—LONDON GRADUATES AND STUDENTS SECTION : 
1, Bi Walk, Westminster, London, S.W.1, Joint Meeting 
with the thern Branch Graduates Section for the “ Gradu- 
ates Summer Meeting,’ 9.30 a.m. 


INSTITUTION OF MINING AND METALLURGY 
Thurs., June 20.—GENERAL MEETING: Ge0ological Society of 

London, Burlington House, Piccadilly, London, W.1, Discus- 

sions on “ Mechanisms of Collector Adsorption and i 
Attachment of Particles to Air Bubbles as Derived from Surface- 
Gremio rms M J. Leja ; ree of a. 
Nixon and’D. N. Moir, 5 p.m. Pe 


INSTITUTION OF NAVAL ARCHITECTS 
Thurs., June 6.—Weir Lecture Hall, 10, U Belgrave Street, 
London, S.W.1, “ Further Experiments on Si Launching 
—Series 2 and 3,”” D. J. Doust, 4.45 p.m. a 
INSTITUTION OF THE RUBBER INDUSTRY 
Tues., June 4.—| MEETING : Royal Society of 
ie Fa Hygi * 26, Portland Place, Me 4 ‘a 
“ Special ubbers ’’—U.S, Developments in 
for H and Low Temperatures and Chemical eee 
G. F. 6 p.m. 
MANCHESTER GEOLOGICAL AND MINING SOCIETY 
Fi, Same 7.—SUMMER MEETING : Visit to Altham Coke Works, 
a.m. 


ROYAL SOCIETY OF HEALTH 


Thurs., June 6.—GATESHEAD SESSIONAL MEETING: Ti 
Gateshead. “Social Workers and. the Health Deon 
lo) . Tilley, ; “‘ Some Observations on the Cl r 
John P. Lavender, 10 a.m. ee 

Wed., June 12.—LONDON SESSIONAL MEETING : 90, Bucking ham 
Palace Road, London, S.W.1, “ The Effects of Radiation on 
the Individual,”” F. G. Spear, 2.30 p.m. 


SOCIETY OF CHEMICAL INDUSTRY 


Tues., June 11.—CHEMICAL ENGINEERING GrouP: 14, Bel 
Square, London, S.W.1, “ Granulation,”’ W. C. . 5.30 p.m, 





Advanced Engineering Courses 


Familiarisation Course in Nuclear Queen Mary 
CoLLeGe, UNIVERSITY OF LONDON, Mile Road, E.1. Six- 
week course, commencing September 23. 

Nuclear HucH Stewart HALt, UNIverRsiTy oF 
NOTTINGHAM. week, residential course, Monday to 
Priday, September 16 to 20. Fee £10 10s. (Accommodation 

s. 

Twelfth Electronics Course. REACTOR SCHOOL, ATOMIC ENERGY 
R EstTaat . Harwell. Monda 
July 15 to 19. Fee £26 5s. riot 

The Application of Work Study to the Improvement of Process and 
Product. UNIVERSITY OF BIRMINGHAM INSTITUTE FOR 
ENGINEERING PRODUCTION, “ Southfield,” 16, Norfolk Road, 


Edgbaston, Birmingham. Residential Ex i Course 
June 17 to 28. Fee £50. we et ae ; 

















